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@ Prostaglandin D analogues, process for their preparation and compositions containing them. 
© Prostaglandin D analogues of the formula 



(I) 



when (A] represents a group of the formula (II) or (III), or 
(ii) a group of the formula 

.3 '5 



[wherein [A] represents a group of the formula: 
°" 9 8 



when (A! represents a group of the formula (IV), R represents 
. (I) a group of the formula: 



R» 



-COCH2OH or 



-CON 



/ 



\ 



R* 



(II) 



(HI) 



<IV) 



^ X represents ethylene or c/5-vinyiene, 

Cia^Y4-Cis represents 
00 (i) a group of the formula: 

a 

a. 

ui 



(wherein R' and R* are hydrogen or alkyi of 1- 4 carbon 
atoms) when (A] represents a group of the formula (11). or 
(ii) a group of the formula: 



R» 



-COCHaOH, -CON 



/ 

i 

\ 



or -CONHSOaR* 



R* 



Croydon Priming Company Ud. 



ISlroM '^•"l?' "^^^ hereinbefore defined and is 
ai^nsne ofl- 5 carbon atoms, represents alkvlof 1-8 

boS bet^ee'n C '""""^^ "V) i«= Z. th, double 

honl hlT A' ' is E, and the double 

tends between C,, - c., and C,, - C„ In formula (VI) £ Z 

sLi- h P"^"*'" *at when R' repwM^te a 

PO^e^tS^urr-^tlS.*"""'^^ clatH^tastherSf 
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DESCRIPTION 

"PROSTAGLANDIN D ANALOGUES, PROCESSES FOR THEIR 
PREPARA TION AND COMPOSITKMJS CONTAIWTWn 'PHRM" 

This invention relates to new prostaglandin D analogues, 
to processes for their preparation and pharmaceutical 
compositions containing them. 

Prostaglandins are derivatives of prostanoic acid 
having the following structure: 




various types of prostaglandire are known, and their types 
depend on the structure of the alicyclic ring and the 
substituents. For example, the alicyclic rings of 
prostaglandins P (PGP). E (P6E) and D (PGD) have the 
following structures, respectively: 

OH 
o 




(PGF) 



(PGE) 



(PGD) 
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In the above structural formulae or in the other 
structural formulae in this specification, according to 
the generally accepted ncmenclatvtre, the dotted line 
indicates that the substituent attached thereto is behind 

5 the ring plane, i.e. is of the a-conf iguraticn , the bold 
line^iadicates that the substituent attached thereto is 
in front of the ring plane, i.e. is of the P-conf iguration, 
and the wavy line indicates that the substituent 
attached thereto is of the a-conf iguration or the p- 

10 configuration or a mixture thereof. 

These compounds are sub-classified according to the 
positions of the double bonds in the side chains attadied 
to the alicyclic ring at the 8-position and the 12- 
positirai. The PG-1 con^und has a trans- double bond 

15 (trans- between C^j-C^^ and the PG-2 compound has 

a cis-double bond between Cg-Cg and a trans- double bond 
between C^^'^^.A ^SiS" ^SSSS-^"). For exanple. 
prostaglandin (PGD^^) and prostaglandin D2 (PGDj) may 
be e:qcaressed by the following structural formulae, 

20 respectively: 




and 



- 3 - 
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O ! 

OH (PGD^) 

Further, when one or more methylene groups are 
removed from the aliphatic group attached at the 12- 
position of the alicyclic ring of a prostaglandin, said 
compound is known as a nor-prostaglandin according to the 
general rule of the organic nomenclature, and the number 
of the removed methylene groups is indicated by adding 
di-,tri- etc. before the prefix "nor". 

The prostaglandins generally have pharmacological 
properties. For exainple. they exert various effects, 
including the stimulation of contraction of smooth muscles, 
a hypotensive effect, a diuretic effect, a bronchial 
dilation effect, the inhibition of lypolysis, the inhibiticaj 
of platelet aggregation and the inhibition of gastric acid 
secretion. Therefore, they are useful in treatments of 
hypertension, thrombosis, asthma and gastric and intesti- 
nal ulcers, in the induction of labour and abortion in 
pregnant mammals, in the prevention of arteriosclerosis 
and also as diuretics. They are liposoluble substances 
present in extremely small quantities in the tissues which 
secrete prostaglandins in vivo in animals. 
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As a result of research and esqperiinentatlon to discover 
novel contpounds vAiich have the pharmacological effects of the 
""natural" prostaglandins, or vhich have one or more of these 
properties to an eidianced degree, or which have properties 

5 which are not found in the ""natural" prostaglandins, it has 
been discovered that (a) certain novel P6D analogues in which 
the carboxyl group attached at the 1-position of PGD and P6D 
analogues is replaced by a glycoloyl group (i.e. -COCH2OH 
group) or by certain substituted or unsubstituted amide groups 

10 defined hereinafter, (b) further novel compounds in which the 
hydrmcyl group attached at the 9-po8ition of the compounds 
wherein the carboxyl group is replaced by the glycoloyl group, 
by the amide group or by an alOcyilailfniylamide group as herein* 
after defined, has been removed to introduce a cis doable 

15 bond between C^^-C^q^ and (c) further novel compounds in which 
the hydroxyl group attached at the 15~position of the 
compounds (b) has been removed to introduce double bonds 
between Cj^2"^13 between Cj^^-C^g have a surprisingly 
strong ant i- tumour effect whereas they have no or only very 

20 weak pharmacological properties possessed by the "natural" 
prostaglandins, 

Heretofore, there have been filed several patent 
applications relating to P6D analogues. For example, 
concerning compounds in which the carboxyl ic acid moiety 

25 attached at the 1-position of PGD^^ and PGDj has been 

converted to other groupings, there are methanesulfonyl<- 
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amide forms [see United States Patent No. 4346228 
(Derwent Ho. 43349T0], alcohol forms [see United States 
Patent Nos. 4028419 (Derwent No. 43349y) , 4055602 (Derwent 
No. 48794Y) and 4032576 (Derwent No. 48793y)], amine forms 
[see British Patent Nos. 1554041 and 1554042 (Derwent 
No. 46957y)3 and ketone forms [see United States Patent 
No. 4123463 (Derwent No. 81996A)], However, neither PGD 
ccaropounds in v«iich the carboxyl group is replaced by the 
glycoloyl group or an amide group as encompossed by the 
present invention nor the novel effect of the compounds 
of the present invention, i.e. their anti-tumour effect 
has been described heretofore. The above-mentioned 
patent specifications describe only the pharmacological 
properties known with the natural prostaglandins and 
none of the applications refers to an anti-tumour effect. 

There have also been several patent applications 
relating to the derivatives in which the hydroxyl group 
at the 9-position has been dehydrated, which is a 
further structural feature in the compounds of the present 
invention (9-deoxy- derivatives). For exanple. among 
the ^ve-mentioned patent specifications, the corresponding 
9-deoxy- derivatives are described in all the 
specifications except United States Patent No.. 4346228 
(Derwent No. 81216X). However, there is no disclosure 
of the 9-deoxy- derivatives as encompassed by the 
present invention nor, as already indicated, any disclosure 
of anti-tumor activity. 
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PGD contpounds in which the hydraxyl groups at the 
9-position and the 15-position have been removed to 

introduce double bonds Cg-C^^Q, *^12*^13 ^14^^15' ^ 
further structural feature in the compounds of the present 
invention, have not hitherto been published. 

The present invention accordingly provides PGD analogues 
of the general foormula: 




(I) 



[wherein [A] represents a group of the formula: 




(II) (III) (IV) 



10 3C represents an ethylene group (-CH2CH2-) or a cls-vinylene 
group (jj"^c = CCTjj), C3^3-c^^-Cj^5 represents 
(i) a group of the formula; 
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(V) 



when [A] represents a group of the formula (II) or (III), 
or (ii) a group of . the formula: 



12 

V-^"^ (VI) 
13 15 

when [A] represents a group of the formula (IV), R represents 
(i) a group of the formula: 



-cocH,OH or -ccaj 

.3 «4 



(wherein R and R , which may be the same or different, 
each represent a hydrogen atom or a straight-chain or 
10 branched-chain alkyl group of 1-4 carbon atoms) vhen [a] 
represents a group of the formula (II), or 
(ii) a group of the formula: 

-COCH2OH, -CON or -CONHSO,R^ 

wherein R and R are as hereinbefore defined and R^ 

15 represents a straight-chain or branched-chain alkyl group 

of 1-4 carbon atoms) when [A] represents a group of the 

formula (III) or (IV), R^ represents a single bond or a 

straight-chain or branched-chain alkylene group of 1-5 
2 

carbon atoms, R represents a straight-chain or branched- 
20 chain alkyl group of 1-8 carbon atoms, a cycloalkyl group 
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of 4-7 carbon atoms either unsubstituted or substituted 
by at least one straight-chain or branched-chain alkyl 
group of 1-8 carbon atoms, or a phenyl or phenoxy group 
either unsubstituted or substituted by at least one halogen 

5 atom, trifluoromethyl group or straight-chain or branched- 
chain alkyl group of 1-4 carbon atcHos, the double bond 
between Cg-C^^Q in formulae (III) and (IV) is Z, the double 
bond between C^^-C^^^ in formula (V) is E, the double bonds 
between Cj^2"^13 between Cj^^-C^^g in formula VI, 

10 which may be in the same or different configurations are 

E« Z or a mixture thereof (i.e. EZ), with the proviso that 

1 2 
when R represents a single bond, R does not represent 

a substituted or tmsubstituted phenoxy group], and 

cyclodextrin clathrates thereof. 

15 The conqpounds of the present invention include 

2-decarboxy72-glycoloyl-P6D derivatives or FGD amide 

derivatives represented by the general formula: 




(la) 



[wherein R^ represents a group of the formula -COCH^OH 

^ R 3 4 

25 or -CON . (wherein R and R are as hereinbefore defined) 

R^ 

and the other symbols are as hereinbefore defined]; 2-decar- 
boxy-2-glycoloyl-9-deoxy-^ -PGD derivatives, 9-deoxy--^ - 
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PGD amide derivatives and 9-deoxy-^ -PGD alXylsulfonyl- 
amide derivatives represented by the general formula: 




(lb) 



[wherein R represents a group of the formula -COCH^QH, 

-CON or -CONHSO^R^ (wherein R^, R^ and R^ are as 

\r^ ^ 
hereinbefore def ined^ and the other symbols are as 

hereinbefore defined}; and further compounds represented 

by the general formula: 



(Ic) 



10 (wherein the various symbols are as hereinbefore defined). 
In the compounds of general formula (I), there are 
several asymmetric carbon atoms. For example, in the 
compounds of general formula (la), there are four asynmetric 
carbon atoms (at the 8-, 9-, 12- and 15-po6itions) , in the 
15 compoxinds of general formula (lb), the carbon atoms at the 
8-r 12- and 15-positions are asymmetric, and in the 
compounds of general formula (Ic), the carbon atom at the 
8-position is asymmetric. Further asymmetric carbon atoms 
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12 3 4 

may occur in the groups represented by R « R « R i R and 

c 

R • The presence of asymmetric carbon atoms leads to 
the existence of isomerism* It is to be understood that 
all isomers and mixtures thereof arising from the presence 

5 of asymmetric carbon atmis are to be considered within 
the scope of formula (I). 

In the general formula (I), the alkylene groups of 
1-5 carbon atoms represented by R^ include methylene, 
ethylene, trimethylene, tetramethylene and pentamethylene 

10 groups and isomers thereof; R^ preferably represents a 

single bond or a methylene or ethylene group. 

In the general formula (I), the alkyl groups of l-<-8 

2 

carbon atoms represented by R include methyl, ethyl, 

propyl, butyl, pentyl, hexyl, heptyl and octyl groups 

15 and isomers thereof; butyl, pentyl or hexyl groups either 

unsisbstituted or substituted one or two methyl or 

ethyl groups are preferred; pentyl and hexyl groups 

ixnsubstituted or siibstituted by one or two methyl groups 

are especially preferred. 

20 In the general formula (I), the substituted or 

2 

unsixbstituted cycloalkyl groups represented by R include 
cyclobutyl, cyclppentyl, cyclohexyl and cycloheptyl 
groups, and cyclobutyl, cyclopentyl, cyclohexyl and cyclo-* 
heptyl groups substituted by one or more methyl, ethyl, propji, 
25 butyl, pentyl, hexyl, heptyl or octyl groups; cyclobutyl, 
cyclopentyl or cyclohexyl groups either unsubstituted or 
stibstituted by one methyl, ethyl, propyl or butyl group 
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are preferred; 3-propylcyclopentyl is especially preferred. 

In the general formula (I), the substituted or 
unsubstituted phenyl or phenoxy groups represented by R 
include phenyl and phenoxy groups, and phenyl and phenoxy 

5 groups substituted by one or more atoms or groups 
selected from the fluorine and chlorine atoms and 
trif luoromethyl , methyl, ethyl, propyl or butyl groups; 
phenyl or phenoxy groups either unsubstituted or 
substituted by one chlorine atom, trif luoromethyl group, 

10 methyl or ethyl group are preferred: chlorine is a preferred 
substituent. 

In the general formula (I), preferred groupings R^-R^ 
are butyl, pentyl, 1-methylpentyl , 2-methylpentyl , 3- 
methylpentyl, 1,1-dimethylpentyl, 1-ethylpentyl , 2- 

15 ethylpentyl, hexyl, 1-metbylhexyl , 2-methylhexyl , 1-ethyl- 
hexyl, 2-ethylhexyl, heptyl, 2-methylheptyl , 2-ethylheptyl , 
cyclobutyl, 1-propylcyclobutyl , 1-butylcyclobutyl, 3- 
ethylcyclobutyl , 3-propylcyclobutyl , cyclopentyl, cyclo- 
pentylmethyl, 2-cyclopentylethyl , 3-ethylcyclopentyl , 3- 

20 propylcyclopentyl, 3-butylcyclopentyl , cyclohexyl, cyclo- 
hexylmethyl, 2-cyclohexylethyl , 4-methylcyclohexyl, 4- 
ethylcyclohexyl, 4-propylcyclohexyl , 4-butylcyclohexyl , 
benzyl, 2-phenylethyl , A-methylbenzyl , A-ethylbenzyl , 
phenoxymethyl , 2-phenoxyethyl , 3-chlorophenoxymethyl , 4- 

25 chlorophenoxymethyl , 3-trif luoromethylphenoxymethyl, 4- 
trif luoromethylphenoxymethyl , 4-methylphenoxyxnethyl and 
4-ethylphenoxymethyl; pentyl, 2-methylhexyl, 3-prppylcyclo- 
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pentyl. benzyl and 3-chlorophen«cyinethyl are especially 
preferred. 

In general formula (I), the alXyl groups of, 1-4 

carbon atoms represented by R^ R* and include methyl, 

3 

5 ethyl, propyl and butyl groups, and isomers thereof: R 
and preferably represent a hydrogen atom or a methyl 
group, and R^ preferably represents a methyl group. 

In general formula (I). X is preferably a cis- 
vinylene group, and in general formula (I), where C^^-C^^^' 
10 C^^ represents a group of formula (V) , the preferred 
configuration of the hydroxyl group attached to the 
carbon atom at the IS-position is the a-configuration. 

According to a feature of the present invention, the 
prostaglandin D analogues of general formula (lb) 
15 wherein the various symbols are as hereinbefore defined 
may be prepared by subjecting a compound of the general 
formula; 



(VII) 




(wherein the various synibols arfe as hereinbefore defined) 
25 to a mild dehydration reaction, for example, in a Tris- 
hydrochloric acid buffer solution at a temperature of 
30-4 0*C. 
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According to a further feature of the invention 
prostaglandin D analogues of general formula (Ic) Wherein 
the various symbols are as hereinbefore defined can be 
prepared by reacting a compound of the general formula 

5 (VII) with an aqueous acid, preferably in an inert 

organic solvent, for example, methylene chloride, chloroform, 
carbon tetrachloride, diethyl ether, N.N-dimethylformamide, 
tetrahydrofuran or a mixture of two or more such solvents 
using as the aqueous acid solution, for example, an 

10 aqueous solution of an inorganic acid such as hydrochloric 
acid, hydrobromic acid, sulfuric acid or phosphoric acid 
or an organic acid such as acetic acid, propionic acid or 
oxalic acid, at the reflux tenperature of the reaction 
mixture. The reaction is preferably carried out in 

15 tetrahydrofuran using 1 N hydrochloric acid at the refliix 
temperature of the reaction mixture. 

The prostaglamdin D analogues of general formula (la) 
wherein the various symbols are as hereinbefore defined 
are within the scope of general formula (VII). 

20 The compoxinds of general formula (VXD can be prepared 

by the sequence of reaction steps illustrated by the 
following scheme A. In the scheme, represents a 
tetrahydrqpyran-2-yl group or tetrahydrofuran- 2-yl group 
either unsubstituted or substituted by at least one alkyl 

25 group, or a 1-ethoxyethyl group, preferably a tetrahydro- 
pyran-2-yl group .r'' represents a straight-chain or 
branched-chain acyl group of 2-5 carbon atoms or a benzoyl 
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group, preferably a benzoyl group, R represents a 
straight-chain or branched--chain alkyl group of 1-4 
carbon atoms, preferably a methyl group, and the other 
symbols are as hereinbefore defined* 

The compouncteof the general formula (VII) are 
illustrated as the general formulae (Vila), (Vllb) and 
(VIIc) in the scheme A. Further, the compounds of the 
general formulae (Vila) and (Vllb) correspond to the 
compounds of the general formula (la). The preparation 
of compovinds of general formula (la) by the hydrolysis 
tmder acidic conditions of a conqpound of general 
formula (XI > or (XV) depicted in scheme A, wherein the 
various symbols are as hereinbefore defined, constitutes 
a further feature of the present invention. 

By the expression "known methods* as used in this 
specification, for example to describe some of the 
reactions depicted in scheme A, is meant methods 
heretofore used or described in the literature. 
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The respective steps of the scheme A are now 
described. The step [a] is conducted toy subjecting the 
compound of formula (VIII) to reduction to convert the 
carboxylic acid ester group (COOR®) to a group -CHO. 
5 This reduction reaction may be conducted, for example, by 
using diisobutylaluminium hydride (DIBRL) in hexane, 
tetrahydrofuran or toluene at a temperature of O^C to 
-80«C, preferably by using DIBAL in toluene at a temperature 
of -78»C. 

10 The step [b] can be conducted by Icnown methods to 

add a 2 , 4-dioxa-3-methylhexyl group to the ccanpound of 
the general formula (IX). This reaction can be effected 
in an inert organic solvent, for example, an ether such 
as diethyl ether, tetrahydrofuran and 1, 2-dimethoxyethane, 
15 hydrocarbons such as n-hexane and n-heptane, or a 

mixture of such solvents, at a ten?)erature of 0«C to -80«C 
using n-butyl lithium and (2,4-dioxa-3-methylhexyl)-tri-n- 
butylstannane. Preferably, it is effected by adding 
dropwise a solution of n-butyl lithium in n-hexane to 
20 (2,4-dioxa-3-methylhexyl)-tri-n-butyl8tannane in 

tetrahydrofuran at -78«C, and adding dropwise a solution 
of the aldehyde caopound of the general formula (DC) in 
tetrahydrofuran to the resulting reaction mixture [see J. 
Ainer. Chem. Soc., 100- ^^^^ (19781). 
25 The step [c] is an oxidation reaction to convert 

the hydroxyl group to an oxo group. Such an oxidation 
reacticai is well known, and is described in detail in. 
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for exairqple, 

(a) "Organic Synthetic Chemistry III, Synthesis Part 1", 
edited by Tetsuji Kameya, published by NanXo-do, page 
176-206 (August 1, 1976). or 

5 (b) "Ccanpendium of Organic Synthetic Methods" published 
by John Wiley & Sons, Inc. (U.S.A.), Vol. 1 (1971), 
Vol. 2 (1974) and Vol. 3 (1977), Section 48 or 168. 
An especially preferred oxidation under mild neutral 
conditions may be conducted by using, for example, 

10 dimethylsulf ide - N-chlorosuccinimide complex, thioanisole - 
N-chlorosuccinimide complex, dimethylsuLBde - chlorine 
con^lex, thioanisole - chlorine complex [see J. Amer. Chem. 
Soc, 94, 7586 (1972) with respect to these coni)lexes], 
dicyclohexyicarbodiimide - dimethylsulf oxide conplex [see 

15 J. Amer. Chem. Soc, 87, 5661 (1976)], pyridinium 

chlorochromate (CgHgNHCrO^Cl) [see Tetrahedron Letters, 
2647 (1975)], sulfuric anhydride - pyridine complex [see 
J. Amer. Soc. 89, 5505 (1976)], chromyl chloride [see 
J. Amer. Chem. Soc, 97, 5929 (1975)], chromium trioxide - 

20 pyridine complex (for example Collins* reagent), Jones* 
reagent or chromic acid solution (prepared from chromium 
trioxide, manganese sulfate, sulfuric acid and water), or 
oxalyl chloride and dimethylsulf oxide (i.e. Swem oxidation); 
suitably the oxidation is carried out using Collins* 

25 reagent, Jones' reagent or the Swern oxidation. The oxidation 
reaction using Collins* reagent may be conducted in a 
halogenated hydrocarbon such as chloroform, methylene 
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chloride or carbon tetrachloride at a temperature of from 
room ten«>erature to 0»C, preferably at 0"C. and the oxidation 
reaction using Jones' reagent can be conducted generally at 
a temperature of room temperature or below. The Swem oxidation 
5 may be conducted by reaction in a halogenated hydrocarbon such 
as chloroform or methylene chloride at a tenqperatnre of from 
-50 'C to -60 'C, and then treatment with triethylamine. 

The step [d) can be conducted by hydrolysis under 
' acidic conditions. This reaction can be conducted 
1.0 (1) In an aqueous solution of an organic acid such as 
acetic acid, propionic acid, oxalic acid or p- 
toluenesulfonic acid or an aqueous solution of an 
inorganic acid such as hydrochloric acid, sulfuric 
acid or phosphoric acid, suitably in the presence of 
15 a water-miscible organic solvent, for exan^le, a lower 

alkanol such as methanol or ethanol (preferably 
methanol) or an ether such as 1, 2 -dimethoxy ethane, 
dioxane or tetrahydfofuran (preferably tetrahydrof uran) 
at a temperature of from room texnperature to 75*C 
20 (preferably at a temperature of not higher than 45"C) , 

or 

(2) in an anhydrous lower alkanol such as methanol or 

ethanol in the presence of an organic acid such as p- 
toluenesulfonic acid or trif luoroacetic acid at a 
25 . temperature of 10-45 'C. 

The hydrolysis is preferably conducted using a mixture 
of dilute hydrochloric acid and tetrahydrofuran. a 
mixture of dilute hydrochloric acid and methanol. 
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a mixture of acetic acid, water and tetrahydrof uran , 



a mixture of phosphoric acid, water and tetrahydro- 
f uran I or a mixture of p-toluenesulfonic acid and 
anhydrous methanol • 



5 



The step (e) can be conducted in an aqueous 



alkanol such as aqueous methanol or aqueous ethanol using 
a hydroxide of an alkali metal such as sodlxim or potassium 
at a temperature of not lower than room temperature, 
preferably 50-60*C. 



15 (wherein R and R are as hereinbefore defined )in an inert 
organic solvent, for example, methylene, chloride, tetrahydro- 
furan or N|N-dimethylformamide, at from 0*C to room 
temperature. Suitably, it is conducted by reaction in 
methylene chloride in the presence of a base such as triethyl- 

20 amine using isobutyl chloroformate or trimethylacetyl chloride 
at 0*C to make an acid anhydride of the compound of the 
general formula (XIII), and then reaction of the acid anhydride 
with a compound of the general formula (XVIII) at room 
temperature. 



10 



The step Qf) can be conducted by synthesizing 
an acid halide or acid anhydride of the compound of the 
general formula (XIII) and reacting the resulting compound 



with a compound of the general formula: 




(XVIII) 
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The conpoxind of the general formula (XIV) wherein 
and both represent a hydrogen atom can also be 
synthesized by tte route via the steps [g] and [h]. 

The step [g] can be conducted by reaction in 
5 methanol using a carbonate of an alkali metal such as sodium 
or potassium at a temperature of not lower than room 
temperature, preferably at 50-60»C. 

The step [h] can be conducted by reaction in a lower 
alkanol such as methanol or ethanol in the presence of 
10 ammonium chloride using concentrated aqueous anmonia at 
50-60«C. 

The steps [i] and [j] can be conducted as hereinbefore 
described for steps [c] and [d] respectively. 

The step [k] can be conducted by synthesizing an 
15 acid halide or acid aiihydride of the ccnpound of the 

general formula {XIII ) and reacting the resulting compound 
with a compound of the general formula: 

MNHS02R^ (XIX) 
(wherein M represents an alkali metal, preferably sodium. 
20 and is as hereinbefore defined) in an inert organic 
solvent, for exan5>le, methylene chloride, tetrahydrofuran, 
M.N-dimethylformamide, hexamethylphospboramide, dimethyl- 
sulf oxide or a mixture thereof, at from 0»C to room 
ten5)erature. Suitable, it is conducted by reaction in N,N- 
25 dimethylformamide in the presence of a base such as 

triethylamine using isobutyl chloroformate or trimethylacetyl 
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chloride at O^C to make an acid anhydride of the compound 
of the general formula (XIII), and subsequently 
reacting the acid anhydride with a sodium derivative of 
the general formula (XIX) in suspension in dimethylsul- 
f oxide in the presence of hexamethylphosphoramide at a 
temperature of about 50*0 • 

The steps [l] and [m] can be conducted as hereinbefore 
described for steps [c] and [d] respectively. 

In the above-described scheme A, the compound of 

the general formula (VIII) employed as the starting 

material can be produced by the sequence of the reaction 

steps illustrated by the following scheme In the 
g 

scheme, R represents a straight-chain or branched-chain 
alkyl group of 1-4 carbon atoms or a phenyl group, 
preferably a n-butyl group or a phenyl group, and the 
other symbols are as hereinbefore defined. 
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The respective steps in the scheme B are now 
described. The step (n) can be conducted by reacting with 
a boric acid corresponding to R , for example, phenylboric 
acid ^PhBtOH)^) or butylboric acid [n-BuB (OH) r in an inert 
5 organic solvent such as methylene chloride, chloroform, 
carbon tetrachloride or tetrahydrofuran in the presence of 
molecular sieves 3A or 4 A at reflux temperature (see JoC.S. 
Chem. Comm./ page 658 (1975) and Prostaglandins, Vol. 9, 
page 109 (1975)) o 

The step (p) can be conducted using, e.g. 2,3-dihydro- 
pyran, 2,3-dihydrofuranr ethyl vinyl ether etc. in an inert 
organic solvent, for example, methylene chloride, chloroform 
or diethyl ether, in the presence of a condensing agent, 
for example, p-toluenesulfonic acid, sulfuric acid or 
15 trif luoroacetic acid at a temperature of from room tempera- 
ture to -30**C. Suitably, it can be conducted using 2,3- 
dihydropyran in methylene chloride in the presence of 
pyridine p-toluenesulfonate or p-toluenesulfonic acid at 
room temperature - 
20 The step (q) can be conducted by reacting with 

an aqueous hydrogen peroxide solution in an aqueous solution 
of ^n alkanol of 1-4 carbon atoms, for example aqueous 
methanol or aqueous ethanol, at a temperature of not higher 
• than eO'^C, preferably at 45-50^C. 
25 The products of steps [n] , [p] and [q] can be 
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used, without purification , in subsequent steps* 

The step [r] can be ccnducted by selectively acylating 
the hydroxyl group attached to the 11-position of the 
compound of the general formula (XXIII). Such acylation 

5 can be conducted using an appropriate acyl chloride or 

acid anhydride, for exaxnple, benzoyl chloride, in an inert 
organic solvent, for example, methylene chloride, or in the 
absence of a solvent, in the presence of a tertiazy axaine 
such as pyridine or triethylamine at a texqperature of 

10 not higher than room temperature, preferably at ->30 to 
-40«C. 

The step [s] can be conducted as described for step 

According to the present invention, the ccnqpounds of 
15 general formula (lb), v^erein the various symbols are as 
hereinbefore defined, may also be prepared by the sequence 
of reaction steps illustrated by the following scheme C, 
In the scheme, R^^ represents an alkylsulfonyl group, 
preferably containing from 1 to 4 carbon atoms in the 
20 alkyl group, or a substituted or tinsubstituted arylsul- 
fonyl group, preferably a mesyl group or a tosyl group, 
and the other symbols are as defined above. 

According to a feature of the invention prostaglandin 
D analogues of general formula (lb) wherein represents 
25 a group of the formula -COCHjOH and the other synOjols are 
as hereinbefore defined are prepared by the hydrolysis 
under acidic conditions of a compound of general formula 
(XXX) depicted in scheme C, wherein the various symbols 
are as hereinbefore defined. 
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Scheme C 
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The respective steps of the scheme C are now described. 
The steps [a], [b], [c], [d], [e], [f] and [k] may be 
carried out as hereinbefore described for steps [a], [b]^ 
[c], [d], [e], [f] and [k], respectively, in scheme A. 

5 The step [t] may be conducted by reacting with an 

alkylsulfonyl chloride such as mesyl chloride or an 
arylsulf onyl ejhloride such as tosyl chloride at a 
temperature of from -30 to 50»C (i) in an inert organic 
solvent such as methylene chloride in the presence of a 

10 tertiary amine such as pyridine or triethylamine, or (ii) 
in pyridine. 

The step [u] may be conducted by reacting with 1,5- 
diazabicyclo[5.4.0]undec-5-ene (DBU) at a temperature of 

from 50«C to 100«C. 

15 The step [v] is an oxidation reaction to convert the 

hydroxyl group into an oxo group, and in addition to the 
conversion, to eliminate the group 0R"^° and to form a 
double bond between Cg-C^Q at the same time. The reaction 
can be conducted as hereinbefore described for step [c]. 

20 Thus, according to a further feature of the present 

invention there is provided a process for the preparatio^i 
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of prostaglandin D analogues of general formula (lb). 
3 



(wherein represents a group of the formula 



-CON or -CGNHSO^R wherein R^, R^ and R are as 

R^ 

hereinbefore defined and the other symbols are as 
hereinbefore defined) which comprises the hydrolysis 
under acidic conditions of a compound of the general 
formula: 




wherein R^ represents a group of the formula: 

--J^^ 5 
-CON or -CONHSO,^ 

(wherein R^t and R^ and as hereinbefore defined) 
and the other syxhbols are as hereinbefore defined. 
The hydrolysis may be carried out as hereinbefore 
described for step (d) in scheme A. 

According to a further feature of the present 
invention there is provided a process for the preparation 
of prostaglandin D analogues of general formula {Ic) , 
wherein the various symbols are as hereinbefore defined, 
which comprises reacting with an aqueous acid solution 
a compound of general formula (lb). (XI (XV) « (XVII), 



0098141 

28 - 

(XXX) or (XXXVI) J wherein the various Bymbols are as 
hereinbefore defined: the reaction loay be carried out as 
hereinbefore described for the preparation of a 
prostaglandin analogue of general formula (Ic) from a 
compound of general formula (VII). 

In the above-described scheme B, the conpound of the 
general formula (XX) employed as the starting material 
is Xnown as a prostaglandin F analogue, and may be 
prepared by converting the OR groups attached at the 11- 
position and the 15-position of a compound of the general 
fomula: 



cm 




(XXV) 



(wherein the various symbols are as hereinbefore defined), 

to hydroxyl groups under the reaction conditions employed 

in the above step [d]. 

The compounds of the general formula (XXV) can be 

prepared by the application or adaptation of Icnown 

methods. For example, they can be prepared by: 

1 2 

(1) when the -R -R group represents a pentyl group, 
as described in J. Amer. Chem* Soc., 91, 5675 (1969) or 
ibid. 92, 397 (1970): 
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1 2 

(2) when 1:he group -R represents an alkyl group, 
as described in Japanese Patent Kokai Nos. 4 2675/7 2 « 
54068/73, 64073/73, 124048/74, 95250/75, 96543/75 and 
101340/75, British Patent Specification NoSo 1398291, 

5 1483240 and 1540427, United States Patent Specification 

No. 4024174, and Belgian Patent NOo 850084; 

2 12 

(3) when R of the group-R -R represents a cycloalkyl 

group, as described in Japanese Patent Kokai Nos» 
109353/74, 95250/75, 96543/75, 123647/75, 148339/75, 
10 122040/76, 125256/76, 27753/77 and 25544/78, British 
Patent Specification Nos. 1464916, 1488141, 1483240, 
1484210 and 1545213, United States Patent Specifications 
Nos. 3966792, 4034003, 4024174, 4045468 and 4087620, 

and Belgian Patent No. 844256; 

2 1 2 

15 (4) when R of the group *-R -R represents a phenyl 

group or a phenoxy group « as described in Japanese 

Patent Kokai NoSp 95250/75, 96543/75, 59841/76^, 101961/76 

and 25745/77, British Patent Specifications Nos, 1483240 

and 1521747, United States Patent Specification Nos. 

20 4024174 and 4065632, and Belgian Patent No. 845348. 

The cyclodextrin clathrates of the prostaglandin 

D analogues of general formula (I) can be prepared using 

a-, or y-cyclodextrin or a mixture thereof, using the 

procedure described in the specification of British Patent 

25 NOo 1351238. Conversion into the cyclodextrin clathrate 

serves to increase the stability of the prostaglandin 

D analogue of the general formula (I). 
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The prostaglandin D analogues of the general formula 
(Z) and their cyclodextrin clathratea either do not show 
the pharmacological effects typical of other prostaglandins « 
for example, hypotensive activity, inhibition of platelet 

5 aggregation, stimulation of contraction of uterine muscles 
and the production of diarrhoea or these effects are very 
weak. In contrast, the anti<-tumor effect of the 
prostaglandin D analogues of general formula (I) is 
extremely strong and moreover their toxicity is extremely 

10 low. They may therefore be en5>loyed as very effective 

anti-tumor agents in the prevention or therapy of leukemia 
and solid cancer, and in treatment to produce remission 
thereof. 

In an in vitro test on the inhibition of proliferation 
15 of human n^elogenous leukemic cells (HI>60) or cells 

originated from hxsman mouth tumor (KB-cells), and in an in 
vivo test on the prolongation of suinrival of mice inoculated 
with Ehrlich ascites tumor, the ccwrpounds of the present 
invention showed an excellent anti-tumor effect. The 
20 esqperimental methods and the results are described below. 

Test on Inhibition of Proliferation Using Human Myelogenous 
Leukemic Cells (HL-60 ) 
(Eb^rimental Method) 

The test on the inhibition of proliferation of human 

25 

myelogenous leukemic cells was conducted by a well known 
method. The human myelogenous leukemic cells (HL-60) were 
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added to an RPMI culture solution containing 10% bovine 

fetal serum, the nianiber of cells in the culture solution 

5 

was adjusted to 1x10 cells/ml, a solution in ethanol 

of the test compound was added to give a concentration of 

5 5^g/ml or 1 ^g/ml^ and the mixture was subjected to 

stationary culture at 37 ®C for 4 days. As a control, a 
culture solution containing Ool% of ethanol was similarly 
cultured. The culture solutions were stained by the 
Trypan Blue staining method, and the surviving cell number 

10 was measured to determine the degree of inhibition 

relative to the control. The results are given in the 
Table 1, 

Test on Inhibition of Proliferation Using Cells Originated 
from Human Mouth Tumor (KB-cells) 
(E3q>erimental Method) 

The test on the inhibition of proliferation of cells 
originated f rcxn hxaman mouth tumor was conducted by a well 
known method. The cells originated from human mouth tumor 
(KB-cells) were added to Eaglets MEM culture solution 
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containing 10% bovine fetal serum, the nuxaber of cells in 
the culture solution was adjusted to 1x10^ cells/iolf a 
solution in ethanol of the test compound was added to give 
a concentration of 5pg/ml or Ipg/ml and the mixture was 

5 subjected to stationary culture at 37 •c for 4 days* As 
a control I a culture solution containing 0.1% of ethanol 
was similarly cultured. After the culture, the culture 
solutions were stained by the Trypan Blue staining method « 
and the s\irviving cell nuxhber was measured to deteacmine 

10 the degree of inhibition relative to the control. 
The results are given in the Table 1, 



33 - 
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Table 1 



10 



15 



Inhibition of proliferation Using Human Myelogenous 
Leukemic Cells (HL-60) and Cells Originated from Human 
Mouth Tumor (KB-cells) 



• 

Test compound 


Inhibition (%) 


HL-60 


cells 


KB-cells 


5 vg/ml 


1 vg/ml 


5 vg/ml 


1 vg/ml 


Cmipound 1 


96.7 


20.4 


100 


23.5 


Compound 2 


100 


100 


100 


90.9 


Compound 3 


100 


100 


100 


10.6 


Compound 4 


1.5 


3.9 


25.5 


12.6 


Compound 5 


78.1 


0 


34.6 


0.9 


Compound 6 


99.1 


9.9 


100 


19.6 


Compound 7 


100 


41.8 


100 


23.7 


Compound 8 


100 


30.9 


100 


9.5 


Compound 9 


97.8 


21.5 


98.8 


2.8 


Compound 10 






100 


15.4 


Compound 11 






100 


0.9 



Compound 1 
20 Compound- 2 

Compound 3 

Compound 4 



25 



Compound 5 



2-Decarboxy-2-glycoloyl-PGD2 (prepared in Example!) 

9 

2-Decarboxy-2-glycoloyl-9-deoxy-A •PGDj 
(prepared in Example 2) 

(52 , 9Z , 14BZ) -l-Hydroxyroethylprosta-5 ,9,12,14- 

tetraene-l,ll-dione (prepared in Example 3) 
9 

9-Deoxy-A -PGD2 methanesulfonylamide 
(prepared in Example 4) 

( 5Z I 9Z , 14EZ) -N-Methanesulf onyl-ll-oxoprosta- 
5,9,12,14-tetraen*l**amide (prepared in Example 5) 



0098141 

• 34 - 

Compound 6 : PGDj H^N-dimethylamide (prepared in Example 6) 
Compound 7 t g-Deoxy-A^-PGDj HrN-diaethylamide 

(prepared in Example 7) 
Compound 8 : (5Zr9Z,14E2)-KtN-Dimethyl-ll-oxoprosta-5,9,12,14- 
5 tetraen-l-amide (prepared in Example 8) 

Compound 9 s PGDj amide (prepared in Example 9) 
Compound 10 : g-Deoxy-A^-PGDj amide (prerared in Example 10) 
• Compound 11 : (5Z,9Z,14EZ)-ll«0?coprosta-5,9,12,14-tetraen-l- 

amide (prepared in Example 11) 

10 Test on Prolongation of Survival o f Mice Inoculated 

wit:h Ehrlich Ascites Tumor 

(Experimental Method) 

The test on the prolongation of survival of mice 

inoculated with Ehrlich ascites trxmor was conducted iy a 

15 well Imown method. ICR mice, weighing 25 - 30 g, were 

inoculated with Ehrlich ascites tumor cells (3 x loV»ouse) 

intraperitoneally on day Oo A test conqpound was administered 

to mice intraperitoneally at a dose of 20 mgAg/day from day 

1 to day 5. Throughout the experiments, each group consisted 

20 of six mice (eight mice in control group). The effects of 

the test coKtpoiinds were judged by the prolongation of 

survival time in days. The results are given in the following 

Table 2. In the Table 2, T/C was calculated below, 

t^^Q _ mean survival time in days of treated mice ^ ^qq 
mean survival time in days of control mice 

25 
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Table 2 

Prolongation of Survival Time of Mice Inoculated with 
Ehrlich Ascites Tumor 



10 



Test compound 


T/C 


Compound 1 


75,3 


Compound 2 


70.5 


Compound 3 


244.6 


Compound 11 


155.6 



Compounds 1, 2, 3 and 11 are the same as the coinpounds , 1 , 
2, 3 and 11 respectively described in Table 1. 

The acute toxicity of the compounds of the present 
invention was more than 100 mgAg by intraperitoneal 
administration in mice, so that the PGD analogues of the 
present invention may be considered to be sufficiently 
safe and suitable for medical use. For example, LDgQ values 
15 of 2-decarboxy-2-glycoloyl-PGD2 g-deoxy-^^^-PGDj amide 
were 156 mgAg and 167 mgAg. respectively, by intraperi- 
toneal administration in mice. 
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In the compounds represented by the gtsneral 
formula (la), preferred examples are as follows: 
2-decarboxy-2-glycoloyl-PGD2 r 2-decarboxy-2-glycoloyl«16- 
methy I-P6D2 # 2-decarboxy-2-glycoloyl-16 , 16 -dimethy 1->PGD2 # 

5 2-decarboxy-2-glycoloyl--17 # 2 O-dimethyl-PGDj # 2-decarboxy« 
2-glycoloyl-l5- (1-^butylcyclobutyl) -16 , 17 « 18 , 19 , 20*-pentanor-* 
PGDj / 2-decarboxy-2-glycoloyl-15-cyclopentyl-16 , 17 , 18 ,19 ,20- 
pentanor-PGDj « 2-decarboxy-2-glycoloy 1-15- ( 3-propy Icyclo- 
pentyl) -16 , 17 , 18 , 19 , 20-pent2mor-PGD2 r 2-decarbo3cy-2- 

10 glycoloyl-15- (4-buty Icyclohexyl) -16 , 17 , IB , 19 , 2 0-pentanor- 
PGD2 9 2-decarboxy-2-glycoloyl-16-phenyl-17 , 18 , 19 , 2 0-tetra- 
nor-PGD2 1 2-decarboxy-2-glycoloyl-16-phenoxy-17 ,18 , 19 ,20- 
tetranor-PGDj r 2-decarboxy-2-glycoloyl-16- (3-chlorophenoxy ) - 
17 , 18 , 19 , 20-tetranor-PGD2 9 2-decarboxy-2-glycoloyl-16- 

15 (3-trif luoromethylphenoxy) -17 # 18 , 19 , 20-tetranor-PGD2 , 
PGDj amide, PGD2 N,N-dimethylamide, 16-methyl-PGD2 N,N- 
dimethylamide , 16, 16-dimethyl-PGD2 ^ ' N-dimethylamide , 
17 , 20-diroethyl-PGD2 N ,N-dimethylamide , 15- (1-butylcyclo- 
buty 1} -16 , 17 , 18 , 19 , 2 0-pentanor-PGD2 N ,N-dimethylamide , 

20 15-cyclopentyl-16 , 17 , 18 , 19 , 20-pentanor-PGD2 N#N-dimethyl- 
amide , 15- ( 3-propy Icy clopentyl ) -16 , 17 , 18 , 19 , 20-pentanor- 
PGDj N,N-dimethylaniide, 15- (4-buty Icyclohexyl) -16, 17, 18, 19,20- 
pentanor-PGDj N,N-dimethylamide, 16-phenyl-17, 18, 19,20- 
' tetranor-PGDj N,N-dimetbylamide, 16-phenoxy-17, 18, 19,20- 

25 tetranor-PGD2 N,N-dimethylamide, 16- (3-chlorophenoxy) - 

17,18,19,20-tetranor-PGD2 N,N-dimethylamide, 16- (3-trif luoro- 
methylphenoxy ) -17 , 18 , 19 , 20-tetranor-PGD2 N ,N-dimethylamiae, 
and the corresponding PGD^ analogues [i.e. the compounds 
in which X represents an ethylene group in the general formula 
(Ia)l. 
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In the compounds represented by the general formula (lb), 
preferred examples are as follows: 

2-decarboxy-2-glycoloyl-9-deoxy-4^-P6D2 » 2-decarboxy-2- 
glycoloyl-16-methyl-9-deoxy-tf -PGDj , 2-decarboxy-2-glycoloyl- 

5 16,16-diinethyl-9-aeoxy-J^-PGD2, 2-decarboxy-2-glycoloyl-17,20' 
dimethyl-9-deoxy- Zf -PGDj t 2-decarboxy-2-glycoloyl-15- (1- 
butylcyclobutyl) -16 , 17 , 18 , 19 , 20-pentanor-9-deoxy-4®-PGD, , 
2-decarboxy-2-glycoloyl-15-cyclopentyl-16 , 17 , 18 , 19 , 20- 
pentanor-9-deoxy-4^-PGD2 , 2-decarboxy-2-glycoloyl-15- (3- 

10 propylcyclopentyl) -16 , 17 , 18 , 19 , 20-pentanor-9-deoxy-4^-PGD2 , 
2-decarboxy-2-glycoloyl-15- (4-butylcyclohexyl) -16 , 17 , 18 , 19 , 20- 
pentanor-9-deoxy-^®-PGD2 » 2-decarboxy-2-glycoloyl-16-phenyl- 
17 , 18 , 19 , 20-tetranor-9-deoxy-^^-PGD2 ' 2-decarboxy-2-glycoloyl- 
16-phenoxy-17 , 18 , 19, 20-tetranor-9-deoxy-^^-PGD2 ' 2-decarboxy- 

15 2-glycoloyl-16- (3-chlorophenoxy) -17 , 18 , 19 , 20-tetranor-9- 

deoxy-^ -PGDj, 2-decarboxy-2-glycoloyl-16- (3-trif luoromethyl- 
phenoxy ) -17 , 18 , 19 , 2 0-tetranor-9-deoxy-4^-PGD2 ' 9-cleoxy-4^-PGD2 
.amide, 9-deoxy-4^-PGD2 N^Nrjiimethylamide, 16-methyl-9-aeoxy- 
ii -PGD2 N,N-dimethylamide, 16,16-diinethyl-9-deoxy-4^-PGD2 

20 N,N-dimethylamide, 17,20-dimethyl-9-deoxy-/!^-PGD2 N,N-dimethyl 
amide, 15- (1-butylcyclobutyl) -16 ,17 ,18,19 , 20-pentanor-9- 
deoxy-^ -PGDj N,N-dimethylamide, 15-cyclopentyl-16,17,18,19,20 
pentanor-g-deoxy-iJ^-PGDj N,N-dimethylamide, 15-(3-propyl- 

cyclopentylhl6,17,18,19,20-pentanor-9-deoxy-/l^-PGD2 N,N- 
25 dimethylamide, 15- (4-butylcyclohexyl) J.6, 17,18, 19, 20-penta- 
nor-9-deoxy-^^-PGD2 N,N-dimethylamide, 16-phenyl-17,18,19,20- 
tetranor-g-deoxy-Z^-PGDj N,N-dimethylamide, l6-phenoxy- 
17,18,19,2 O-tetranbr- 9-deoxy-4^-PGD2 N , N-dime thy lamide , 
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-sa- 
le- (3-chloropheno:gr) -1? » 18 ,19 ,20-tetranor-9-d«oxy-,^-P6D2 
N,N-diniethylamide , 16- (3-trif luoromethylphenoxy) -17 , 18 , 19 , 20- 
tetranor-9-deoxy-^'-PGD2 N,N-diinethylajiiide, 9-deo^-i^-PGD2 
methanesulfonylanide, 16-nethyl-9-deoxy-ijp-P602 methane- 

5 sulfonylaadde, l6,16-dlmethyl-9-deoxy-^^-PGD2 methanesulfonyl- 
amide, 17,20-diinethyl-9-deoxy-/f-PGD2 methanesulfonylamide, 
15- (1-butylcyclobutyl) -16 , 17 , 18 , 19 , 20-pentanor-9-deoxy-^- 
PGD2 methanesulfonylamide, 15-cyclopenty 1-16, 17, 18, 19,20- 
pentanor-9-deoxy-^ -PGD2 methanesulfonylamide, 15-(3-propyl- 

10 cyclopentyl) -16 , 17 , 18 , 19 , 20-pentanor-9-deoa(y-/p-P6D2 methane- 
sulfonylamide, 15- (4-butylcyclohexyl) -16 ,17 ,18 , 19 , 20-pentanor- 
9 

9-deoxy-^ -PGDj methanesulfonylamide, 16-pheny 1-17, 18, 19,20- 
tetranor-9-deoxy-/l^-PGD2 methanesulfonylamide, le-pheno:^- 
17 , 18 , 19 , 2 0-tetranor-9-deox^-^^-PGD2 »»tl«ne8«l*onylamide, 

15 16- (3-chloropheno3cy)-17,18,19,20-tetranor-9-deo;7-i3^-FGD2 
methanesulfonylamide , 16- ( 3-trif luoromethylphenoxy ) - 
17^ 18,19,20-tetranor-9-deoxy-4'-PGD2 methanesulfonylamide, 
and the corresponding PGDj^ analogues [i.e. the ccwnpound 
in which X represents an ethylene group in the general formula 

20 (IcJl. 

In the ccaapounds represented by the general formula <Zc) , 
preferred examples are as follows: 

(5Z , 9Z , 14EZ ) -l-hydroxymethylprosta-5 , 9 , 12 , 14-tetraene-l , 11- 
dione, (5Z,9Z,14EZ)-l-hydroxymethyl-16-iBethylpro8ta-5,9,12,14- 
25 tetraene-1 , 11-dione , { 5Z , 9Z , 14E2) -l-hydroxymethyl-16 , 16-dimethyl- 
prosta-5, 9, 12, 14-tetraene-l, 11-dione, (5Z,9Z,14SZ) -1-hydroxy- 
methyl-17 , 20-diroethylprosta-5 ,9,12, 14-tetraene-l , 11-dione , 
(5Z , 9Z , 14EZ) -l-hydroxymethyl-15- (1-butylcyclobutyl ) -16 , 17 , 18 , 19 , 20 
pentanorprosta-5, 9 , 12 , 14-tetraene-l , 11-dione , ( 5Z , 9Z , 14E2) -1- 
hydroxymethyl-lS-cyclopentyl-16 , 17 , 18 , 19 , 20-pentanorpro8ta- 
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5,9,12, 14-tetraene>l , 11-dione , ( 5Z, 9Z , 14EZ )-l-hydroxy- 
methyl-15- ( 3-propylcyclopentyl ) -16 , 17 . 18 , 19 , 20-pent anor- 
prosta-5 ,9,12, 14-tetraene-l , 11-dione , ( 52 , 9Z , 14EZ ) -1- 
hydroxymethyl-lS- ( 4-butylcyclohexyl ) -16 , 17 , 18 ,19 , 20- 
5 pentanorprosta-5, 9, 12, 14Ttetraene-l, 11-dione, (5Z,9Z,14EZ)- 

I- hydroxyniethyl-16-phenyl-17 , 18 , 19 , 20-tetranorprosta-5 , 

9 , 12, 14-tetraene-l , 11-dione, ( 5Z. 9Z, 14EZ)-l-hydroxyinethyl- 
16-phenoxy-17 , 18 , 19 , 20-tetranorprosta-5 ,9,12, 14-tetraene- 
1 , 11-dione , ( 5Z , 9Z , 14 EZ ) -l-hydroxymethyl-16- ( 3-chloro- 
10 phenoxy )-17 , 18 , 19 , 20-tetranorprosta-5 , 9 , 12 , 14-tetraene- 
1, 11-dione, (5Z, 9Z,14EZ)-l-hydroxyinethyl-16-(3-trif luoro- 
methylphenoxy )-17 , 18 , 19 , 20-tetranorprosta-5 , 9 , 12 , 14 - 
tetraene-l , 11-dione, ( 5Z, 9Z, 14EZ)-ll-oxoprosta-5 , 9 , 12 , 
14-tetraen-l-amide, (5Z, 9Z, 14EZ)-N,N-diInethyl-ll-oxo- 
15 prosta-5,9,12,14-tetraen-l-aniide, (5Z,9Z,14EZ)-H.N- 
dimethyl-ll-oxo-16-methylprosta-5 , 9 , 12 , 14-tetraen-l- 
amide, {5Z, 9Z, 14pz)-N,N-din»ethyl-ll-oxo-16,16-dixnethyl- 
prosta-5, 9 , 12, 14-tetraen-l-ainide, (5Z, 9Z, 14EZ)-H,N- 
diniethyl-ll-oxo-17 , 20-diinethylprosta-5 ,9,12, 14-tetraen- 
20 l-'amide, (5Z,9Z,14EZ)-N,N-diinethyl-ll-oxo-15-(l-butyl- 
cyclobutyl ) -16 , 17 , 18 , 19 , 20-pentanorprosta-5 , 9 . 12 , 14 - 
tetraen-l-amide, (5Z,9Z, 14EZ)-H,N-diinethyl-ll-oxo-15- 
cyclopentyl-16 , 17 , 18 , 19 , 20-pentanorprosta-5 , 9 , 12 , 14- 
tetraen-1- amide, (5Z,9Z,14EZ)-N,N-diinethyl-ll-oxo-15- 
25 ( 3-propylcyclopentyl )-16 , 17 , 18 , 19 , 20-p€ntanorpro8ta- 
5,9,12, 14 -tetraen-l-amide , ( 5Z , 9Z, 14EZ)-N, N-dimethyl- 

II- oxo-15- (4-butylcyclohexyl )-16, 17 , 18 , 19 , 20-pentanor- 
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prosta-5 ,9.12. 14-tetraen-l-ainide . C 5Z. 9Z. 14EZ)-N.1SI- 
dimethyl-ll-c«o-16-phenyl-17 . 18 . 19 . 20-tetranorpro8ta- 
5.9. 12. 14-tetraen-l-ainidG. (52. 9Z, 14EZ)-N.N-diroethyl- 
ll-oxo-16-phenc«y-17 , 18 , 19 . 20-tetranQrpro8ta-5 . 9 , 12 . 
lA-tetraen-l-amide. (5Z.9Z. 14EZ)-N.N-diinethyl-ll-oxo- 
16- ( 3-chlorqphenoxy )-17 . 18 . 19 , 20-tetranorprosta-5 , 9 . 12 . 
14-tetraen-l~aniide. (5Z.9Z.14EZ)-N.»-diinethyl-ll-oxo-16- 
( 3-trif luoronietliylidien«iJ-17 , 18.19 . 20-tetranorprosta-5 . 
9.12. 14-tetraen-l-ainide. (5Z.92.14EZ)-N-methane8ulf onyl- 
ll-oxoprosta-5 . 9 . 12 . 14-tetraen-l-amide . (52. 92, 14EZ)- 
N-jnethanesulf onyl-ll-oxo-16-njethylprosta-5 , 9 . 12 . 14- 
tetraen-l-amide, (5Z.9Z.14BZ)-K-»ethane8ulfonyl-.ll-oxo- 
16 . 16-dimethylprosta-5. 9 , 12.14-tetraen-l-ainide, (5Z, 92. 
14EZ)-N-inethanes\ilf onyl-ll-oxo-17 . 20-diiaethylprosta-5 , 
9 . 12 . 14-tetraen-l-ainide, { 52. 92. 14B2)-H-inethanesulf onyl- 
ll-axo-15- ( 1-butylcyclobutyl ) -16 . 17 . 18 . 19 . 20-pentanor- 
prosta-5 . 9 . 12, 14-tetraen-l-ainide. (5Z.9Z, 14BZ)-H-inethane- 
sulf onyl-ll-oxo-l5-cyclppentyl-16 . 17 . 18 , 19 . 20-pentanor- 
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prosta-5 ,9,12, 14-tetraen-l-aniide , ( 52, 92. 14EZ)-liI-inethane- 
sulf onyl-ll-oxo-15- ( 3-propylcyclopentyl )-16 , 17 , 18 , 19 , 20- 
pentanorprosta-5, 9 , 12, 14-tetraen-l-ainlde, ( 52, 92,14E2)- 
N-methanesulf onyl-ll-oxo-15- ( 4-butylcycldhexyl )-16 , 17 , 18 , 
19 , 20-pentanorpro8ta-5, 9 , 12 . 14-tetraen-l-ainide, ( 52, 9Z. 
14EZ)-N-inethanesulf onyl-ll-03to-16-phenyl-17 , 18 , 19 , 20- 
tetranorprosta-5 , 9 , 12 , 14-tetraen-l-amide, ( 52 , 92, 14E2) - 
N-methanesulf onyl-ll-Dxo-16-phenoxy-17 , 18 . 19 , 20-tetranor- 
prosta-5 , 9 . 12 . 14-tetraen-l-amide, ( 52, 92, 14E2 ) -N-methane- 
sulf onyl-ll-oxo-16- ( 3-chlorophenoxy )-17 , 18 , 19 , 20-tetranor- 
prosta-5 ,9,12, 14-tetraen-l-amide , ( 5Z , 9Z, 14EZ )-N-methane- 
sulf onyl-ll-oxo-16- ( 3-trif luoromethylphenoxy)-17 , 18 , 19 , 
20-tetranorprosta-5, 9, 12, 14-tetraen-l-amide, and the 
corresponding conpounds in which X represents an ethylene 
group. 
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The following Reference Examples and Examples 
illustrate the pr^aration of con^xjunds of the present 
invention. In the Reference Exanqples and Examples, "TLC", 
"MMR", "IR" and "Mass" represent "Thin layer chromato- 
graphy", "Nuclear magnetic resonance spectrum", "Infrared 
absorption spectrum" and "Mass spectrum", respectively. 
The solvents in parentheses in chrcsnatography show the 
developing solvents used: ratios are by volume. Except 
when specified otherwise, infrared spectra were 
recorded by the liquid film method and nuclear magnetic 
resonance spectra were recorded in deuterochloroform 
(CDCl^) solution. 

Reference Example 1 

{ 52 . 13E)- ( 9a , llo , 15S )-9 , ll-Dihydroxy-lS- ( tetrahydropyran- 
2-ylcMcy)prosta-5,13-dienoic acid methyl ester. 

Molecular sieve 4A (20-25 grains) was added to a 
solution of Ig of ^GF2a "^t^yl ester and 409 mg of 
phenylboric acid in 25 ml of dry methylene chloride, 
and the mixture was refluxed for one hour. The reaction 
mixture was cooled to room tenperattire and filtered. 
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To the obtained filtrate, 0.382 ml of 2, 3-dihydropyran 
and 70,3 mg of pyridine p-toluenesulfonate were added, 
and the mixture was stirred for one night. To the 
reaction mixture, 90 ml of ethyl acetate was added, and 

5 the resulting mixture was neutralized with a saturated 
aqueous solution of sodium bicarbonate, washed with a 
saturated aqueous solution of sodium chloride, dried 
over anhydrous magnesium sulfate and concentrated 
under reduced pressure. To a solution of the residue 

10 in 10 ml of methanol, 40 ml of water and 4 ml of a 

30% aqueous hydrogen peroxide solution were added, and 
the reaction mixture was heated to 4 5-4 8 •C. After 
cooling to room temperature, the reaction mixture was 
concentrated voider reduced pressure, and the residue 

15 was extracted with 50 ml of ethyl acetate. The 

extract was washed with water and a saturated aqueous 
solution of sodium chloride, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. 
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The residue was purified by column chromatography on silica gel 

using a mixed solvent of cyclohexane and ethyl acetate as an 

eluent to give 913 mg of the title compound having the 

following physical characteristics: 
5 TLC (benzene: ethyl acetate = 1:2): Rf « 0.41; 

MMR: 6 - 5.63-5.16(4H, m) , 4.71(1H, m) , 3.66(3H, s) , 
4.24>3.35(5B, m) , 0.88 (3H, t) ; 

IR : V = 3440, 2940, 1740, 1432, 1017 cm~^; 

Mass: m/e - 434, 421, 406. 
10 The following compounds were obtained by the same 

procedure as described in Reference Example 1: 

(a) (13E) -^o , llo , 15S) -9 , ll-Dihydroxy-15- (tetrahydropyran-2- 
yloxy)prost-13-enoic acid methyl ester 

Starting material: PGP^^g methyl ester; 
,15 TLC (benzene: ethyl acetate » 1:2): Rf > 0..41; 

NMR: 5 « 5.7-5.3 (2H, m) , 4.7 (IH, m) , 3.6 (3H, s) , 

4.2-3.4 (5H, m), 0.9(3H, t) ; 
IR : V = 3450, 2935, 1737 cm'^. 

(b) (5Z , 13E) - (9a , 11a , ISS , 17S) -9 , ll-Dihydroxy-15- ( tetrahydro- 
20 pyran-2-yloxy)-17,20-dimethylprosta-5,13-dienoic acid 

methyl ester 

Starting material: 17S,20-dimethyl-PGF2(, methyl ester; 
TLC (benzene: ethyl acetate ^ i:2): Rf » 0.43; 
NMR: 5 »5.7-5.2(4H, m) , 4.7 (IH, m) , 3.6(3B, s) , 



25 4.2-3.3(5H, m) , 1.0-0.8(6H, m) ; 

IR : V = 3440, : 
Mass: m/e s 462, 



IR : V = 3440, 2938, 1737 cm~^; 
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(c) ( SZ , 13E) - (9a , IXo , 15S > -9 , ll-Dihydroxy-15- ( tetrahydropyran- 
2-yloxy) -15- (3-propylcyclopentyl) -16 , 17 , 18 , 19 , 20-pentanor- 
prosta-5,13-dienoic acid methyl ester 

Starting material: 15-(3-propylcyclopentyl)-16,17,18,19,20- 

pentanor-PGPjjj^ methyl ester; 
TLC (benzene: ethyl acetate - 1:2): R£ > 0.45; 
KMR: 6 . 5.7-5.2(4H, m) , 4,7(lH, m) , 3.7(3H, s) , 

4.2-3.3 (5H, m), 0.9(3H, t) ; 
IR :.v - 3440, 2935, 1735 cm"''-; 
Mass: m/e ■ 474. 

(d) (5Z , 13E) - (9a , llo , 15S) -9 , ll-Dihydroxy-15- (tetrahydropyran- 
2-yloxy ) -16-phenyl.-17 , 18 , 19 , 20-tetranorpro8ta-5 , 13-dienoic 
acid methyl ester 

Starting material: 16-phenyl-17,18,19,20-tetranor-PGP. 

2a 

methyl ester; 
TLC (benzene: ethyl acetate • 1:2): Rf » 0.40; 
NMR: 6 - 7.5-7.1(5H, m) , 5.7-5. 2(4H, m) , 4.7(1H, n) , 

3.6(3H, s), 4.2-3.3(5H, m) ; 
IR : V » 3350, 2937, 1737 cm'^; 
Mass: m/e = 454, 

e) ( 5Z , 13E) - ( 9a , 11a , 15R) -9 , ll-Dihydroxy-15- ( tetrahydropyran- 
2-yloxy) -16- (3-chlorophenoxy ) -17 ,18,19, 20-tetranorprosta- 
5, 13-dienoic acid methyl ester 

Starting material: 16- (3-chlorophenoxy) -17, 18, 19,20- 

tetranor-PGPj^ methyl ester; 
TLC (benzene: ethyl acetate « 1:2): Rf - 0.40; 
NMR: « « 7.3-6.7(4H, m) , 5.7-5.2(4H, m) , 4.7-3. 8(8H, m) , 

3.7(3H, s); 
IR : V = 3440, 2935, 1737, 1600 cm'^; 
Mass: m/e « 504. 
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(5Z , 13E) - (9a,lla, 15S) -9-Hydroxy-ll-benzoyloxy-15- (tetrahydro- 
pyran-2-yXoxy)prosta-5,13-dienoic acid methyl ester 

To a solution of 913 mg of 9#ll-dihydroxy compound 
5 (prepared in Reference Example 1) in 40 nl of methylene chloride, 
1.63 ml of pyridine was added. After cooling the mixture to 
-30 to-40'C, a solution of 

0.70 ml of benzoyl chloride in 1.83 ml of methylene chloride 
was slowly added dropwise and then 485 yl of methanol was added. 

10 The reaction mixture was allowed to stand for 20 'minutes, 
warmed to -20''C, 3.1 g of sodium bisulfate monohydrate was 
added, and the reaction mixture was warmed to room temperature 
and stirred for 30 minutes. To the reaction mixture, 20 ml of 
methylene chloride was added, washed with water and a saturated 

15 aqueous solution of sodium chloride, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. 
The residue was purified by coliuon chromatography on silica gel 
using a mixed solvent of ethyl acetate and cyclohexane as an 
eluent to give 942 mg of the title compound having the following 

20 physical characteristics: 

TLC (cyclohexane: ethyl acetate « 2:1): Rf » 0.46? 

NMR: 6 = 8.1-7.8(2H, m), 7.6-7.2(3H, m) , 5.8-5.2(4H, m) , 

5.2-4.9(lH, m), 4.5(1H, m) , 3.6(3H, s) , 0.85(3B, t) ; 
IR : V * 3520, 2940, 1735, 1720, 1277 cm"^. 

25 The following compounds were obtained by the same 

procedure as described in Reference Example 2: 
(a) (13E) - (9o , llo, 15S) -9-Hydroxy-ll-ben2oyloxy-15- (tetrahydro- 
pyran-2-yloxy)prost-13*enoic acid methyl ester 



- 47 - 0098141 

starting material: 9,11-dihydroxy compound prepared in 

Reference Example 1 (a) ; 
TLC(cyclohexane: ethyl acetate « 2:1): Rf > 0.46; 
NMR: 6 - 8.1-7.8(2H, m) , 7.6-7.2(3H, m) , 5.8-5.2(2H, m) , 

S.KIH, m), 4.6 (IH, m), 3.6<3B, s) , 0.88 {3H, t) } 
IR : V » 3520, 2935, 1738, 1720, 1275 cm"^; 
{5Z , 13E) - (9a , llo , 15S , 17S) -9-Hydroxy -ll-benzoyloxy-15- 
(tetrahydropyran-2-yloxy) -17 , 20-dimethylproBta-5 , 13- 
dienoic acid methyl ester 

Starting material: 9,11-dihydroxy compound prepared in 

Reference Example 1 (b) ; 
TLC<cyclohexane: ethyl acetate «2:1):R£«0,48; 
NMR: 6 - 8.1-7.8(2H, m) , 7.6-7.2(3H, m) , 5.8-5.2(4H, m) , 

5.2-4.9(lH, m), 4.5(1H, m) , 3.6(3H, s) , 

1.0-0.8(6H, m); 
IR : V « 3530, 2940, 1737, 1720, 1275 cm"^. 
(5Z , 13B) - < 9a , 11a , 158) -9-Hydroxy-ll-ben2oyloxy-15- (tetra- 
hydropyran-2-yloxy ) -15- ( 3-propylcyclopentyl) -16,17,18,19,20 
pentanorprosta-5,13-dienoic acid methyl ester 
Starting material: 9,11-dlhydroxy compound prepared in 

Reference Example 1(c); 
TLC(cyclohexane: ethyl acetate » 2:1): Rf » 0.50; 
NMR: 6 » 8.1-7.8(2H, m) , 7.6-7.2(3H, m), 5.8-5. 2(4H, m) , 

5.2-4.9(lH, m), 4.6(1H, m) , 3.6{3H, s) , 0.9(3H, t) 
IR : V »3530, 2935, 1735, 1720 cm'^. 
(5Z , 13E) - (9o , llo , 15S) -9-Hydroxy-H-ben2oyloxy-15- ( tetra- 
hydropyran-2-yloxy) -16-phenyl-17 ,18 , 19, 20-tetranorprosta- 
5,13-dienolc acid methyl ester 
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Starting material: 9rll-dihydroxy con^und prepared in 

Reference Example 1 (d) ; 
TLC(cyclohexane: ethyl acetate s2:l):Rf*0.45; 
NHR: 6 « 8.1-7.1(10H, m) , 5.8-5.2(4H, m) , 5.2>4.9(1H, m) , 
5 . 4.6(1H, m), 3.6(3B, s) ; 

IR I V » 3540, 2935, 1737, 1720 cm"^. 
(e) (5Z , 13E) - (9 a, 11a , 15R) -9-Hydroxy-ll-benzoyloxy-15- (tetra- 
hydropyran-2-yloxy ) -16- ( 3-chlorophenoxy ) -17 , 18 , 19 , 2 0- 
tetranorprdsta-5,13-dienoic acid methyl ester 
10 starting laaterial: 9 , 11-dihydroxy compound prepared in 

Reference Example l(e}; 
TLC (cyclohexane: ethyl acetate » 2:1): Rf » 0.45? 
NMR: 6 « 8.1-7.8(2H, m) , 7.6-6.7{7H, m) , 5.8-5.2{4H, m) , 
5.2-4.9(lH, m)r 3.7(3H, s) ? 
15 IR : V = 3530, 2935^ 1736, 1720, 1600, 1273 cm"^. 

Reference Example 3 

(5Z , 13E) - {9a , 11a , 15S) -9 , 15-Bis (tetrahydropyran-2-yloxy ) -11- 
benzoyloxyprosta-5,13-dienoic acid methyl ester 

Under an atmosphere of nitrogen, 1 ml of 2,3-dihydro- 
pyran was added dropwise to a solution of 3.77 g of the 

20 9-hydroxy compound (prepared in Reference Example 2) in 15 ml 

of methylene chloride at room temperature and then a trace amount 
of p-toluenesulfonic acid was added, and the resulting mixture 
was stirred for 15 minutes, 0,1 ml of triethylamine was added, 
and concentrated under reduced pressure. The residue was 

25 purified by column chromatography on silica gel using a mixed 

solvent of n-hexane and ethyl acetate as an eluent to give 3.95 g 
of the title compound having the following physical characteristics: 
TLC(n-hexane: ethyl acetate « 2:1): Rf « 0.45; 
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NMR: 6 8.1-7.9(2H, m) , 7.6-7.3(3H, m) , 5.7-5.3(4H, m) , 

5.3-5.0(lH, m), 4.7-4.4 (2H, m) , 3.7 (3H, s) , 0.8 (3H, t) ; 
IR : v - 2940, 1735, 1720, 1450, 1270, 1110, 1020 cm"^. - 

The following compounds were obtained by the sane 
§ procedure as described in Reference Example 3: 

(a) (13E)-(9o,llo#15S)-9,15-Bi8 (tetrahydropyran-2-yloxy) -11- 
benzoyloxyprost-13-enoic acid methyl ester 

Starting material: 9-hydroxy compound prepared in 

Reference Example 2 (a) ; 
10 TLC(n-hex!me: ethyl acetate » 2:l)t Rf » 0.46; 

NMR: 5 » 8.1-7.8 (2H, m) , 7.5-7.2(3H, m) , 5.6-4.7(3R, m) , 

4.7-4.3 (2H, m), 3.6(3H, a), 0.9(3H, t) ; 

IR : V = 2940, 1740, 1720, 1277 cm'^. 

(b) (5Z ,13E) - (9a , 11a , 15S , 17S) -9 , 15-Bis (tetrahydropyran-2- 
15 yloxy ) -ll-benzoy loxy-17 , 2 O-dimethylprosta-5 , 13-dienoic 

acid methyl ester 

Starting material: 9-hydroxy compound prepared in 

Reference Example 2 (b) ; 
TLC(n-hexane: ethyl acetate > 2:1): R£ « 0.47; 
20 NMR: { ■ 8.1-7.9 (2H, m) , 7.6-7.2 (3H, m) , 5.7-5.2 (4H, m) , 

5.2-4. 9 (IH, m), 4.75-4.4 (2H, m) , 3,*7(3H, s) , 
1.0-0.7 (6H, m); 
IR : V = 2940, 1736, 1720 cm"^. 

(c) (5Z ,13B) - (9a , 11a , 15S) -9 , 15-Bis (tetrahydropyran-2-yloxy ) - 
25 ll-benzoy loxy-15- (3-propylcyclopentyl) -16 , 17 , 18 , 19 , 20- 

pentanorprosta-5r 13-dienoic acid methyl ester 
Starting material: 9-hydroxy compound prepared in 

Reference Example 2 (c) ; 
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TLC'(n-hexane: ethyl acetate ** 2:1): Rf « 0.49} 
NMR: 6 = 8.1-7.9(2H, a), 7.6-7.2(3H, m) , 5.7-5. 2(4H, m) , 
5.3-4.9(lH, n), 4.8-4.4 (2H, n) , 3.7 (3H, s) , 
0.89(3H, t); 
5 IR : V • 2940, 1735, 1722 cm"^. 

(d) (5Z , 13E) - < 9a , 11a , 15S) -9 , 15-Bis (tetrahydropyran-2-yloxy ) - 
ll-ben2oylo:^-16-phenyl-17 , 18 , 19 , 20-tetranojnprosta-5 , 13- 
dienoic acid methyl ester 

Starting material: 9-hydroxy con^und prepared in 
10 Reference Example 2 (d) ; 

TLC(n-hexane: ethyl acetate » 2:1): Rf « 0.45| 

NMR: 6 a 8.1-7.1(10B, m) , 5.7-5.2 (4H, m) , 5.2-4.9 (IB, m) , 
4.7-4.5(2H, m), 3.7(3H, s) ; 

IR : V « 2935, 1736, 1720 cm"^. 
15 (e) (5Z,13E)-(9o,lla,15R)-9,15-Bi8(tetrahydropyran-2-yloxy)- 

ll-benzoyloxy-16- (3-chlorophenoxy ) -17 , 18 , 19 , 20-tetranor- 

prosta-5,13-dienoic acid methyl ester 

Starting material: 9-hydrcxy cranpound prepared in 

Reference Example 2 (e) ; 
20 TLC(n-hexane: ethyl acetate « 2:1): Rf - 0.45; 

NMR: 6 = 8.1-7. 9 (2H, m) , 7.6-6.7 (7H, m) , 5.7-5.2 (4H, m) , 
S.2-4.9(1H, m), 3.7 (3H, s) ; 

IR : V = 2940, 1737, 1720, 1600 cm"^. 

Reference Example 4 
25 ( 52 , 13E) - ( 9o , 11a , 15S) -9 , 15-Bis ( tetrabydropyran-2-yloxy) -11- 
hydroxyprosta-5 , 13-dien-l-al 
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Under an atomosphere of nitrogen, 1.3 ml of a 25% (w/v) 

solution of dlisobutyialuminum hydride in toluene was added 

dropwise to a solution of 500 ing of ester compound (prepared in 

Reference Example 3) in 25 ml of toluene at -78 ""C, and the 

5 mixture was stirred for one hour. To the reaction mixture, 

0.5 ml of methanol was added dropwise, and the resulting 

mixture was warmed to 0*C. To the reaction mixture, 1.3 ml of 

water was added, and the mixture was warmed to room temperature 

with vigorous stirring and stirred for one hour. The reaction 

■ 

10 mixture was filtered, and the filtrate was concentrated under 
reduced pressure. The residue was pixrified by column chromato- 
graphy on silica gel using a mixed solvent of n-hexane and 
ethyl acetate as an eluent to give 311 mg of the title compound- 
having the following physical characteristics: 

15 TLC{n-hexane: ethyl acetate » 1:1): Rf « 0.21? 

NMR: 6 = 9.79(lH,t), 5.7-5.1(4H, m) , 4.8-4.4(2H, m) , 
1.0-0.7{3H, m); 

IR : v^' 3450, 2930, 2710, 1735, 1730, 1450, 1240, 1020 cm"^j 
Mass: m/e » 404, 302. 
20 The following compounds were obtained by the same 

procedure as described in Reference Example 4: 
(a) (13E) - (9o , 11a , 15S) -9 , 15-Bis {tetrahydropyran-2-yloxy) -11- 
hydroxyprost-13-en-l-al 

Starting material; ester compound prepared in Reference 
25 Example 3(a) 

TLC(n-hexane: ethyl acetate « 1:1): Rf « 0.22; 

NMR: 6 = 9.9(1H, t) , 5.6-5.2(2H, m) , 4.8-4.5(2H, m) , 

4.3-3.2{7H, ro), 0.88(3H, t) ; 
IR : V » 3460, 2940, 1740, 1020 cm"^; 
Mass: m/e = 406, 304. 
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(b) (5Z , 13E) - (9o , 11a , ISS, 17S) -9 , IS-Bis (tetrahydropyran-2- 
yloxy ) -ll-hydroxy-17 , 2 O-dixnethylprosta-5 , 13-dlen-l-al 
Starting material: ester conqpound prepared in Reference 

Example 3 (b) ; 

§ TLC(n-hexane: ethyl acetate = 1:1): Rf » 0.23| 

NHR: £ = 7.8 (IH, t) , 5.7-5.1(4H, m) , 4.8-4.4 (2H, m) , 
1.0-0.7 (6H, m); 

IR : V = 3450, 2930, 2710, 1735, 1728 cm'^t 

Mass: m/B 432, 330. 
10 (c) {5Z ,13E) - (9a, 11a, 15S) -9 , 15-Bis {tetrahydropyran-2-yloxy) - 

ll-hydroxy-15- (3-propylcyclopentyl) -16 , 17 ,18 , 19 , 20- 

pentanorprosta-S , L3-aien-l-al 

Starting material: ester compound prepued in Reference 

Example 3 (c) ; 

15 TLC(n-hexanes ethyl acetate « 1:1)? Rf « 0.23? 

NMR: 6 = 9.76 (IH, t) , 5.7-5.2{4H, m) , 4,8-4.4(2H, m) , 

1.0-0.7{3H, t); 
IR : V « 3450, 2928, 1736 Gm"*^? 
Mass: m/e » 444, 

20 (d) (5Z , 13E) - ( 9a , 11a , 15S) -9 , 15-Bis (tetrahydropyran-2-yloxy ) - 
ll-hydroxy-16-phenyl-17 , 18 , 19 , 20-tetranorprosta-5 , 13- 
dien-l-al 

Starting material: ester compound prepared in Reference 

Example 3.(d); 

25 TLC(n-hexane: ethyl acetate « 1:1): Rf « 0.20; 

NMR: 6 » 9.81(1H, t) , 7.5-7.1(5H, m) , 4.7-4.4(2H, m) ; 
IR : V « 3450, 2930, 1734 cm"^; 
Mass: m/e « 424, 322. 
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(e) (5Z , 13E) - (9o, llo, 15R) -9 , IS-Bis (tetrahydropyran-2-yloxy ) - 
ll-hydroxy-16- (3-chlorophenoxy) -17 # 18 , 19 » 20-tetranor- 

prosta-5 , 13-dien-l-al 

Steucting material: ester compound prepared in Reference 
5. Example 3(e)7 

TLC(n-hexeme: ethyl acetate « 1:1) t Rf ■ 0.19; 

NMR: 5 = 9.82(1H, t) , 7.3-6.7 (4K, m) , 4.8-3.7 (llH, m) ; 

IR : V = 3440, 2930, 1735, 1730, 1600 cm'^; 

Mass: m/e » 474, 372. 

10 Reference Example 5 

(5Z , 13E) - (IRS, 9o,lla, 15S) -1- (2 ,4-Dioxa-3-methylhexyl) -9 ,15- 
bis (tetrahydropyran-2-yloxy) prosta-5^ 13-aiene-l , 11-diol 

Under an atomosphere of nitrogen, 1*2 ml of a 1.6 M 
solution of n«-butyl lithium in n-hexane was added dropwise to 

15 a solution of 707 mg of (2,4-dioxa-3-methylhexyl)-tri-n«- 
butylstannane [prepared by the same procedure as described 
in J. Am. Chem, Soc, 100 , 1481 (1978)] in 20 ml of tetrahydro- 
furan at *78''C, and the resulting mixture was stirred for 15 
minutes. To the solution obtained, 311 mg of 1-aldehyde 

20 compound (prepared in Reference Example 4) in 3 ml of 

tetrahydrofuran was slowly added dropwise, and the resulting 
mixture was stirred for 15 minutes and warmed to O^'C. 
The reaction mixture was poured into an aqueous solution of 
ammonium chloride and extracted with ethyl acetate. 

25 The extract was washed with a saturated aqueous solution of 

sodium chloride, dried, and concentrated under reduced pressure. 
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The residue was purified by column chromatography on silica gel 
using a mixed solvent of n-hexane and ethyl acetate firstly and 
ethyl acetate finally as an eluent to give 277 ng of the title 
compound having the following physical characteristics: 
5 TLC(n-hexane:ethyl acetate " 1:3): Rf » 0.21| 

NMR: 6 = 5.7-5.3(4H, m) , 4.9-4.5(3H, m) , 1.05-0.8(3H, m) j 
IR : V = 3450, 2940, 1130, 1020 cm"*^j 
Mass: m/e » 508. 

The following compounds were obtained by the same 
10 procedure as described in Reference Example 5: 

(a) (13E) - (IRS , 9o , llo , 15S) -1- (2 , 4-Dioxa-3-methylhexyl) -9 , 15- 
bis (tetrahydropyran-2-yloxy ) prost-13-ene-l ; 11-diol 
Starting material: 1-aldehyde ccnqpound prepared in 

Reference Example 4 (a) ; 
15 TLC (n-hexane: ethyl acetate = 1:3): Rf » 0.23; 

NMR: « = 5.6-5.3 (2H, m) , 4.8-4.5 (3H, m) , 4.4-3.3 (IIH, m) , 

0.9(3H, t)t 
IR : V - 3440, 2940, 1132, 1020 Cm"^; 
Mass: m/e = 510. 

20 (b) (5Z,13E)-{lRS,9o,llo,15S,17S)-l-(2,4-Dioxa-3-methylhexyl)- 
9 , 15-bis ( tetrahydropyran-2-yloxy >a7 , 20-dimethylpro8ta-5 , 13- 
diene-l,ll-diol 

Starting material: 1-aldehyde compound prepared in 

Reference Example 4 (b) ; 
25 TLC (n-hexane: ethyl acetate ■ 1:3): Rf » 0.23; 

NMR: 5 » 5.7-5-3(4H, m) , 4.9-4*5(3H, m) , ia-0.8(6H, m) ; 
IR : V « 3450, 2938, 1133 cm"'^; 
Mass: m/e » 536. 
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(c) (5Z , 13E) - (IRS , 9a , 11a , 15S) -1- (2 , 4-Dioxa-3-methylhexyl) - 

9 , 15-bis (tetrahydropyran-2-yloxy) -15- (3-propylcyclopentyl) - 
16 , 17 , 18 , 19 , 20-pentanorprosta-5 , 13-diene-l , 11-diol 
Starting material: 1-aldehyde compound prepared in 
5 Reference Example 4 (c) ; 

TLC(n-hexane: ethyl acetate « 1:3) i Rf « 0,22; 
NMR: « » 5.7-5.3 (4H, m) , 4.8-4.5(3H, m) , 1.05-0.8 (3H, m) > 
IR : V = 3445, 2937, 1132, 1022 cm"^; 
Mass: m/e = 548. 
10 (d) ( 5Z , 13E) - (IRS , 9o , 11a , 15S) -1- (2 , 4-Dioxa-3-methylhexyl) - 

9 , 15-bis ( tetrahydropyran-2-yloxy) -16-phenyl-17 , 18 , 19 , 20- 
tetranorprosta-5 , 13-diene-l , 11-diol 
Starting material: 1-aldehyde compound prepared in 

Reference Example 4 (d) ; 
15 TLC(n-hexane: ethyl acetate = 1:3): Rf = 0.19; 

NMR: 6 = 7.5-7.1(5H, m) , 5.7-5.3(4H, m) , 4.8-4.5(3H, m) ; 
IR : V " 3440, 2938 cm"^? 
Mass: m/e > 528. 
(e) (5Z , 13E) - (IRS , 9a , llo , 15R) -1- (2 , 4-Dioxa-3-methylhexyl) - 
20 9 , 15-bis (tetrahydropyran-2-yloxy) -16- (3-chlorophenoxy) - 
17 , 18 , 19 , 20-tetranorprosta-5 , 13-diene-l , 11-diol 
Starting material: 1-aldehyde compound prepared in 

Reference Example 4 (e) ; 
TIiC(n-hexane: ethyl acetate = 1:3): Rf » 0.19; 
25 NMR: « = 7.3-6.7(4H, m) , 5.7-5.3 (4H, m) ; 
IR : V = 3450, 2937, 1600 cm"^; 
Mass: m/e = 578. 
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Reference Exaunple 6 

(5Z , 13E) - (9arl5S) -1- (2,4-Dioxa-3-methylhexyl) -9,15-bis (tetra- 
hydropyran-2-yloxy ) prosta-5 , 13-diene-l , ll*-dione 

Under an atomosphere of nitrogen # 1.1 ml o£ pyridine 
and 660 mg of chromitmi trioxide were added to 20 ml of methylene 
chloride at room temperature, and the resulting mixture was 
stirred for 15 minutes. To the reaction mixture, 3 g of 
Celite was added at the same ten^erature and 200 mg of 
1,11-diol confound (prepared in Reference Example 5) in 2 ml 
of methylene chloride was then added at 0«C. The mixture obtained 
was warmed to room temperature and stirred for 30 minutes. 
The reaction mixture was diluted with ethyl acetate aoid filtered. 
The obtained filtrate was washed with water, a 5% aqueous 
solution of cupric sulfate and a saturated aqueous solution of 
sodium chloride, dried, and concentrated under reduced pressure 
to give the crude title compound having the following physical 
characteristics. The product obtained was used in the next 
reaction without purification, 
TLC(n-hexane: ethyl acetate » 1:1): Rf ^ 0.36; 
IR : V « 2930, 1740, 1720, 1125, 1075, 1020, 980 cm""^. 

The following compounds were obtained by the same 
procedure as described in Reference Example 6: 
(a) {13E) - (9a, 15S) -1- (2, 4-Dioxa-3-methylhexyl) -9,15-bis (tetra- 

hydropyran^2-yloxy ) prost-13-ene-l , 11-dione 

Starting material: 1,11-diol compotmd prepared in 

Reference Example 5(a); 

TLC(n-hexane: ethyl acetate » 1:1) : Rf = 0.37; 

IR : V « 2940, 1740, 1720, 1130, 1020 cm"^. 
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(b) (5Z , 13E) - (9o , 15S , 17S) -1- (2 , 4-Dioxa-3-inethylhexyl) -9 , 15- 
bis Ctetrahydropyran-2-yloxy ) -17 , 20-dimethylpro8ta-5 , 13- 
diene-1 , 11-dlone 

Starting material: 1,11-diol compound prepared in 
5 Reference Example 5(b)7 

TLC(n-hexane: ethyl acetate ■ 1:1) : Rf » 0.38 » 
IR : V » 2930, 1740, 1721 cm"^. 

(c) (SZ , 13E) - (9a , 15S) -1- (2 ,4-Dioxa-3-methylhexyl) -9, 15- 
bis(tetrahydropyran-2-yloxy)-15-(3-propylcyclopentyl)- ' 

.: 10 16,17,18,19, 20-pentanorpro8ta-5,13-diene-l,ll-dione 
Starting material: 1,11-diol compound prepared in 

Reference Exan^le 5(c); 
TLC(n-hexane: ethyl acetate « 1:1): Rf » 0.38; 
IR : V • 2932, 1740, 1720 cm"^. 
15 (d) (5Z,13E)-(9a,15S)-l-(2,4-Dioxa-3-methylhexyl)-9,15- 

bis ( tetrahydropyran-2-yloxy) -16-phenyl-17 , 18 , 19 , 20- 
tetremorprosta-5 , 13-diene-l , 11-dione 
Starting material: 1,11-diol compound prepared in 

Reference Example 5 (d) ; 
20 Ti:.C(n-hexane: ethyl acetate ■ 1:1): Rf 0.34; 
IR : V » 2930, 1740, 1720 cm"^. 
(e) {5Z, 13E) - (9a , 15R) -1- (2 , 4-Dioxa-3-methylhexyl) -9 , 15- 
bis (tetrahydropyran-2-yloxy ) -16- (3-chlorophenoxy ) - 
17 , 18 , 19 , 20- tetranorprosta-5, 13-diene-l , 11-dione 
25 Starting material: 1,11-diol compound prepared in 

Reference Example 5 (e) ; 
TLC(n-hexane: ethyl acetate Bl:l):Rf«0.34; 
IR : V - 2930, 1740, 1720, 1600 cm"^. 
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Example 1 

(52 , 13E) - ( 9o/ 15S) -l-Hydroxymethyl-9 , 15-dihydroxypro8ta-5 , 13- 
diene>l,ll-dione (i.e. 2-Decarboxy-2-glycoloyl-PGD2) 

To a solution of 200 ng of l-(2,4-dioxa-3-nethyl- 

5 hexyl)-9,15-bis{tetrahydropyran-2-yloxy) compound (prepared 
in Reference Example 6) in 0.5 ml of tetrahydrofuran, 5 ml of 
a 65% (v/v) aqueous acetic acid was added, and the resulting 
mixture was stirred for 10 minutes at 70*C. After cooling 
with an ice-bath, the reaction mixture was diluted with ice-water 

10 and extracted with ethyl acetate. The extract was washed with 
a saturated aqueous solution of sodium chloride, dried, and con- 
centrated with addition of dry toluene unde^r reduced pressure at 
low temperature. The residue was purified by column chromato- 
graphy on silica gel using a mixed solvent of n-hexane and ethyl 

15 acetate firstly and ethyl acetate finally as an eluent to 

give 85 mg of the title compound having the following physical 
characteristics : 

TLC (chloroform :tetrahydrofuran: acetic acid « 10:2:1): Rf = 0.17; 
NMR: 6 = 5.74-5.35(4H, m) , 4.56-4.42 (IH, m) , 4.24(2H, s) , 
20 4. 20-4*02 (IH, m) , 2.94-2.74 (IH, dd) , 0.88 (3H, t) ; 

IR : V « 3430, 1725, 1400, 1275, 1070, 1020, 970 cm"^; 
Mass: m/e « 366(m"*"), 348, 330. 

The following compounds were obtained by the same 
procedure as described in Example 1: 
25 (a) (13E) - (9a , 15S) -l-Hydroxymethyl-9 , 15-dihydroxyprost-13- 
ene-1, 11-dione (i.e. 2"Decarboxy-2-glycoloyl-PGDj^) 
Starting material ; 1- (2 , 4-dioxa-3-methylhexyl) -9 , 15- 

bis (tetrahydropyran-2-yloxy) compound 
prepared in Reference Example 6 (a) ; 
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TLC(chlorofonn:tetrahydr of uran: acetic acid « 10:2:1): 
Rf » 0.17; 

NMR: 6 - 5.73-5.35(2H, ro) , 4.47(1H, m) , 4.25{2H, a), 

4.10(1H, m), 0.88(3H. t); 
IR : V » 3430, 2930, 1722, 1073 cm"^; 
Mass: m/e « 350, 332. 

{ 5Z , 13E) - (9o , 15S , 17S) -l-Hydroxymethyl-9, 15-dihydroxy- 
17,20-dimethylprosta-5,13-diene-i,ll-dlone (i.e. 
2-Decarboxy-2-glycoloyl-17S ,2 O-dimethyl-PGOj ) 
Starting material : 1- ( 2 , 4-dioxa-3-methylhexyl ) - 9 , 1 5- 

bis (tetrahydropyran-2-yloxy) compound 
prepared in Reference Example 6(b); 

TLC (chloroform :tetrahydrofuran: acetic acid > 10:2:1): 
Rf = 0.19; 

NMR! 6 « 5.75-5.34(4H, m) , 4 . 58-4.40 (IH, m) , 4.23(2H, s) , 
4.19-4.03(1H, m), 2.95-2.73 <1H, dd) , 
1.0-0.8(6H, m); 

IR : V « 3435, 1728, 1403 cm"^; 

Mass: m/e » 394{M'''), 376, 358. 

( 5Z , 13E) - (9a , 15S) -l-Hydroxymethyl-9 , 15-dihydroxy-15- 
(3-propylcyclopentyl) -16 , 17 , 18 , 19, 20-pentanorpro8ta- 
5,13-diene-l,ll-dione (i.e. 2-Decarboxy-2-glycoloyl- 
15- (3-propylcyclopentyl) -16 , 17 , 18 ,19 , 20-pentanor-PGD2) 
Starting material : 1- ( 2 , 4-dioxa-3-methylhexyl) -9 , 15- 

bis (tetrahydropyran-2-yloxy) compound 
prepared in Reference Example 6(c); 

TLC (chlorofonn:tetrahydrofuran: acetic acid « 10:2:1): 
Rf » 0.19; 
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NMR: 6 « 5.74-5. 34(4H, n) , 4.47(1H, m) , 4.26(2H, s) , 

4.10 (IH, n), 1.0-0.8 (3B, m) ; 
IR J V - 3430, 1727 cm"^> 
Mass: m/e = 388, 370. 
5 (d) (5Z,13E)-(9a,15S}-l-Rydroa^ethyl-9,15->dlhydroxy-16- 

phenyl-17 , 18 , 19 , 20-tetranorprosta-5 , 13-diene-l , 11-dione 
(i.e. 2-Decarboxy-2-glycoloyl-16-phenyl-17 , 18 , 19 , 20- 
tetr amor-PGDj ) 

Starting material: l-(2,4-dioxa-3-ffiethylhea^l)-9,15- 

bis (tetrahydropyran-2-yioxy) compound 
prepared in Reference Example 6 (d) ; 

TLC (chloroform :tetrahydrofuran: acetic acid « 10:2:1): 
Rf « 0.16; 

NMR: 5 - 7.5-7.1(5H, m) , 5.72-5.34 (4H, m) , 4.53(lH, m) , 
15 4.28 (2H, s); 

Mass: m/e » 386 (M*), 368, 350. 
(e) (52,13E) - (9a,15R) -l-Hydroxymethyl-9 , 15-dihydroxy-16- 
(3-chlorophenoxy) -17 , 18 , 19 , 20-tetranorprosta-5 , 13- 
diene-1 , 11-dione [i.e. 2-Decarboxy-2-glycoloyl-16- 
20 (3-chlorophenoxy) -17 ,18, 19,20-tetranor-PGD2] 

Starting material: l-(2,4-dioxa-3-methylhexyl)-9,15- 

bis (tetrahydropyran-2-yloxy) compound 
prepared in Reference Example 6 (e) ; 

TLC (chloroform :tetrahydrofuran: acetic acid » 10:2:1): 
25 Rf a 0.16; 

NMR: 6 - 7.3-6.7 (4H, m) , 5.76-5.33 (4H, m) , 4.56 (IH, m) , 

4.27(2R, s); 
IR J V « 3430, 1726, 1600 cm"^; 
Mass: m/e » 436(m'*'), 418, 400. 
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Example 2 

(5Z r 9Z r 13E) - (15S) -l-Hydroxyinethyl-15-hydroxyprosta-5 , 9 , 13- 
triene-1 , 11-dione (I.e. 2-Decarboxy-2-glycoloyl-9-deoxy- 

5 To a solution of 51 mg of PGDj compoiind (prepared in 

Example 1) in 0.7 ml of ethanol, 70 ml of Tris-hydrochloric acid 
buffer solution [prepared from 17.5 ml of a 0.2M aqueous solution 
of Tris(hydroxymethyl)aminQmethane, 31.5 ml of O.IH aqueous 
hydrochloric acid and 21 ml of water] (pH 7.2) was added, and 

10 the resulting solution was stirred for 48 hours at 37 and 
extracted with ethyl acetate. The extract was washed with a 
saturated aqueous solution of sodium chloride, dried, and 
concentrated under reduced pressure. The residue was purified 
by coliimn chromatography on silica gel using a mixed solvent of 

15 n-hexane and ethyl acetate as an eluent to give 4 rog of the 

title compound having the following physical characteristics. 
TLC(chloroform:tetrahydrofuran:acetic acid « 10:2:1): Rf » 0.57; 

MMR: 6 e 7.58 (IH, dd) , 6.17 (IH, dd) , 5.7-5.3 (4H, m) , 

4.23(2H, bs), 4.16-4.04(lHr ro) , 2.92-2.76(lH, m) , 

20 2.70-2.56 (IH, m) , 1.0-0.8(3H, m) ; 

Mass: m/e » 348 (M*^), 330. 

The following compounds were obtained by the same 

procedure as described in Example 2: 

(a) (9Z , 13E) - (15S) -l-Hydroxymethyl-15-hydroxyprosta-9 ,13- 
25 diene-1, 11-dione (i.e. 2-Decarboxy-2-glycoloyl-9-deoxy- 

A^-PGDj^) 

Starting material: PGD^^ compound prepared in Example 1(a); 
TLC (chloroform :tetrahydrofuran: acetic acid « 10:2:1): 
Rf « 0.60; 
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NMR: 6 - 7.57 (IH, dd) , 6.17 (IH, dd) , 5.7-5.4 (2H, m) , 

4.24 (2H, 8), 4.10 (IH, m) , 0.88 (3H, t) ; 
Mass: m/e • 350 (M*), 332. 

( 5Z , 9Z , 13E) - (15S , 17S) -l-Hydroxyiaethyl-lS-hydroxy-17 , 20- 
dimethylpro8ta-5,9,13-triene-l,ll-dione (i.e. 2-Decarboxy- 
2-glycoloyl-17S , 20-dimethyl-9-deo3ey-A*-PGD2) 
Starting material; PGDj compound prepared in Example 1(b); 
TLC(chloro£orm:tetrahydrofuran:acetic acid « 10:2:1): 
Rf » 0.59; 

NMR: £ » 7.58 (IH, dd) , 6.18 (IH, dd) , 5.7-5. 3r(4H, m) , 

4.24(2H, s), 4.15-4.03(1H, m) , 1.0-0.8(6H, m) ; 

Mass: m/e = 376 (M*), 358. 

(5Z, 9Z,13E) - (15S) -i-Hydroxymethyl-15-hydroxy-15- (3- 
propylcyclopentyl) -16 , 17 « 18 , 19 « 20-pentanorpro8ta-5 ,9,13- 
triene-l,ll-dione [i.e. 2-Decarboxy-2-glycoloyl-15- (3- 
propy Icyclopentyl) -16 , 17 , 18 , 19 , 20-pentanor-9-deoxy- 

Starting material: PGD2 compound prepared in Example 1(c); 
TLC(chloro£orm:tetrahydrofuran:acetic acid « 10:2:1): 
Rf « 0.58; 

NMR: 6 = 7.58(1H, dd) , 6.16(1H, dd) , 5.7-5.3 (4H, m) , 

4.22 (2H, s), 4.10 (IH, m) , 1.0-0. 8 (3H, m) ; 
Mass: m/e » 388 (M*), 3T0. 

(5Z , 9Z , 13B) - (15S) -l-Hydroxymethyl-15-hydroxy-16-phenyl- 
17 , 18 , 19 , 20-tetranorprosta-5 , 9 , 13-triene-l, 11-dione 
(i.e. 2-DecarbO3ey-2-glycoloyl-16-phenyl-17,18,19,20- 
tetranor-9-deoxy- A^-PGD, ) 



- 63 - 0098141 

starting material: PGD2 compound prepared in Example 1(d); 
TLC(chloroform:tetrahydrofuran:acetic acid « 10:2:1): 
Rf - 0.56; 

NMR: 6 » 7.62 (IH, dd) , 7.5-7.1 (5H, m) , 6.20 (IH, dd) , 
5 5.8-5.3(4H, m) , 4.25(2H, s) ; 

Mass: m/e « 368(M*'}, 350. 
(e) (5Z , 9Z , 13E) - (15R) -l-Hydroxymethyl-15-hydroxy-16- (3- 
chlorophenoxy) -17 , 18 , 19 , 20-tetranorprosta-5 ,9,13- 
• triene-l,ll-dione [i.e. 2-Decarboxy-2-glycoloyl-16- 
10 (3-chloropheno3v} -17 , 18 , 19 , 20-tetranor-9-deoxy-A^-PG02] 

starting material: PGDj compound prepeured in Exan^le 1(e); 
TLC (chloroform ttetrahydrofuran: acetic acid > 10:2:1): 

« 

Rf « 0.55; 

NMR: 5 « 7e62{lH, dd) , 7.3-6.7 (4H, m) , 6.20(1H, dd) , 
15 5.8-5.3(4H, iq) , 4.24 (2H, s) ; 

Mass: m/e » 418 (m'*'), 400. 



Example 3 

( 5Z , 9Z , 14EZ) -l-Hydroxymethylprosta-5 , 9 , 12 , 14-tetraene-l , 11-dione 
20 To a solution of 10 xog of P6D2 compound (prepared in 

Example !) in 0.25 ml of tetrahydrofuran, 0.25 ml of a IN 
aqueous hydrochloric acid was added, and the resulting solution 
was refluxed for 20 minutes^ 'cooled and extracted with diethyl 
ether. The extract was washed with a saturated aqueous solution 
25 of sodium chloride, dried, and concentrated under reduced 
pressure. The residue was purified by column chromatography 
on silica gel using a mixed solvent of n-hexane and ethyl acetate 
firstly and ethyl acetate finally as an eluent to give 2 mg of 
the title compound having the following physical characteristics: 
30 TLC (n-hexane: ethyl acetate = 1:1): Rf » 0.28; 
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NMR: 6 » 7.6-7.4 (IH, m) , 7.0-6.9(lH, m) , 6.5-6.1(3H, m) , ' 
5.6-5.25(2H, m) , 4.23 (2H, bs) , 3.7-3.5(lH« n) , 
0.90(3H, t); . . 

Mass: m/e « 330{m'*'), 259. 
5 The following compounds were obtained by the same 

procedure as described in Example 3: 

(a) (9Z , 14EZ) -l-Hydroxyinethylprosta-9 , 12 , 14-triene-l , 11-dione 

Starting material: PGD^ COTipound prepared in Example l(a)i 

* TLC(n-hexane: ethyl acetate « 1:1): R£ » 0«29; 

■ 

10 NMR: 6 » 7.47 (IH, m) , 6.95(lH, d) , 6.46-6.15 (3H, m) , 

5.60-5.30(2H, m) « 4.20(2H, s) , b.90(3B, t) ; 
Mass: n/e " 332 (M*^). 

I 

(b) (5Z , 9Z, 14EZ) - (17S) -l-Hydro3cymethyl-17 ,20-dimethylprosta- 
5 , 9 , 12 , 14-tetraene-l , 11-dlone 

15 Starting material: PGDj cmpound prepared in Exan^le 1(b); 

TLC (n-hexane: ethyl acetate « l:l)i Rf ■ 0.30? 
NMR: 6 = 7.6-7.4(lH, m) , 6.95(1H, d) , 6.5-6.1(3H, m) , 
5.6-5.26(2B, m) , 4.24(2H, s) , 3.60(1B, m) , 
1.0-0.8 (6H, m) 7 
20 Mass: m/e = 358 (m"*") . 

(c) (5Z,9Z,14EZ)-l-Hydroxyinethyl-15-(3-propylcyclopentyl)- 

16 , 17 , 18 , 19 , 20-pentanorprosta-5 ,9,12, 14-tetraene-l , 11-dione 
Starting material: PGDj compound prepared in Example 1(e)} 
TLC (n-hexane: ethyl acetate » 1:1): Rf = 0.30; 
25 NMR: 6 » 7.55-7.4 (IH, m) , 6.97 (IH, d) , 6.5-6.2 (3H, m) , 

5.6-5.2 (2H, m), 4.22 (2H, s) , 1.0-0.7 (3H, m) ; 
Mass: m/e » 370(m'''). 
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(d) (5Z , 92 , 14EZ ) -l-Hydroxyinethyl-16-pheriyl-17 , 18 , 19 , 20- 
tetranorpros ta-5 ,9,12, 14-tetraene-l , 11-dione 

starting material: PGDj compound prepared in Example lid); 
TLC(n-hexane: ethyl acetate = 1:1): Rf = 0.27; 
5 NMR: 6 = 7 . 55-7 . 10 (6H, m) , 7.00(lH, d) , 6.6-6.1{3H, m) , 

5.6-5.15(2H, ro), 4.24(2H, s) ; 
Mass: m/e = 350 (M*). 

(e) (5Z,9Z,14EZ)-l-Hydroxymethyl-16-(3-chlorophenoxy)- 

17 , 18 , 19 , 20-tetranorprosta-5 , 9 , 12 , 14-tetraene-l, 11-dione 
10 Starting material: PGD2 compound prepared in Example 1(e); 

TLC(n-hexane: ethyl acetate = 1:1): Rf > 0.25; 
NMR: 5 - 7.65-7.42{lH, m) , 7.3-6.7(5H, m) , 6.5-6.1(3H, m) , 

5.6-5.2 (2H, m), 4.24(2H, s) , 
Mass: m/e ■ 400 (m"*") . 

Reference Example 7 

(5Z , 13E ) - (9a , 11a , 15S) -9 , 15-Bis (tetrahydropyran-2-yloxy ) -11- 
hydroxyprosta-5,13-dienoic acid 

To a solution of 500 mg of 11-benzoyloxy compound 
(prepared in Reference Example 3) in 4.8 ml of methanol, 1.6 ml 

20 of a 2N aqueous solution of potassium hydroxide was added, and the 
resulting solution was stirred for 1.5 hours at 50 "C, cooled to 
5'C and adjusted to pH 2 with IN aqueous hydrochloric acid. 
To the reaction mixture, 100 ml of ice-water was added, and 
the resulting mixture was extracted with ethyl acetate. 

25 The extract was washed with water and a saturated aqueous 
solution of sodium chloride, dried over anhydrous magnesium 
sulfate and concentrated under reduced pressure to give 483 mg of the 
crude title compound having the following physical characteristic. 
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The product: obtained was v>sed in the next reaction without 
purification. 

TLC (benzene: ethyl acetate = 2:1): Rf = 0.07. 

The following compounds were obtained by the same 
procedure as described in Reference Example 7: 

(a) (13E) - (9a , 11a , 15S) -9 , 15-Bis (tetrahydropyran-2-yloxy) -11- 
hydroxyprost-13-enoic acid 

Starting material: 11-benzoyloxy compound prepared in 

Reference Example 3 (a) ; 
TLC (benzene: ethyl acetate = 2:1): Rf » 0.08. 

(b) (5Z , 13E) - ( 9a , 11a , 15S , 17S ) -9 , 15-Bis (tetrahydropyran-2- 
yloxy) -ll-hydroxy-17 , 20-dimethylprosta-S , 13-dienoic acid 
Starting material: 11-benzoyloxy compound prepared in 

Reference Example 3 (b) ; 
TLC (benzene: ethyl acetate » 2:1): Rf « 0.07. 
•(c) (5Z , 13E) - ( 9a , 11a , 15S) -9 , 15-Bis (tetrahydropyran-2-yloxy) - 
ll-hydroxy-15- (3-propylcyclopentyl) -16 , 17 , 18 , 19 , 20- 
pentanorprosta-5, 13-dienoic acid 

Starting material: 11-benzoyloxy compound prepared in 

Reference Example 3 (c) ; 
TLC (benzene: ethyl acetate » 2:1): Rf » 0.07. 

(d) ( 52 , 13E) - ( 9a , 11a , 15S) -9 , 15-Bis ( tetrahydropyran-2-yloxy ) - 
ll-hydroxy-16-phenyl-17 , 18 , 19 , 20-tetranorprosta-5 , 13- 
dienoic acid 

Starting material: 11-benzoyloxy compound prepared in 

Reference Example 3 (d) ; 
TLC (benzene: ethyl acetate = 2:1): Rf = 0.08. 

(e) (5Z , 13E) - ( 9a , 11a , 15R) -9 , 15-Bis ( tetrahydropyran-2-yloxy ) - 
ll-hydroxy-16- ( 3-chlorophenoxy) -17 ,18,19, 20-tetranor- 
prosta-5, 13-dienoic acid 
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Starting material: ll«*benzoyloxy compound prepared in 

Reference Example 3 (e) i 
TLC (benzene: ethyl acetate » 2:1): R£ ■ 0.06. 

5 Reference Example 8 

• (5Z , 13E) - (9a , 11a , 15S) -N-Methanesulf onyl-9 , 15-bis (tetrahydro- 
pyran-2-yloxy ) -ll-hydroxyprosta-5 , 13*-dien -1-amide 

To a solution of 407 mg of carboxylic acid (prepared 

• in Reference Example 7) in 4.7 ml of N,N-dimethylformamide, - 
10 0.218 ml of triethylamine was added at room ten^erature, and 

the solution was cooled to 5*C. To the resulting solution, 
0.202 ml of isobutyl chloroformate was added dropwise followed 
by stirring for 30 miniltes at the same temperature and 3.95 ml 
of a suspension of sodium salt of methylsulfonamide in dimethyl- 

15 sulfoxide (prepared by the procedure hereinafter described) 
was added and then 1.2 ml of hexame thy Iphosphor amide was added, 
and the resulting mixture was stirred for one hour at 2 - 5*C. 
After the completion of the reaction, 4.3 ml of IN aqueous 
hydrochloric acid was added with ice*water cooling and 100 ml 

20 of ice-water was added to the reaction mixture. The resulting 
mixture was extracted with ethyl acetate, and the extract was 
washed with water and a saturated aqueous solution of sodium 
chloride, dried over anhydrous magnesium sulfate, and 
concentrated under reduced pressure. The residue was purified 

25 by coltimn chromatography on silica gel using a mixed solvent of 
n-hexane and ethyl acetate firstly and ethyl acetate finally as 
eluent to give 308 mg of the title compound having the 
following physical characteristics: 
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TLC (ethyl acetate): Rf « 0.57; 

KMR: 6 « 5.6-5.2(4B, m) , 4.8-4.5 (2H, m) , 4.4-3.0(9H, m) , 

3.28(3H, s); 
IR : V » 3650-2600, 2930, 2850, 1710 cm~^; 

5 Mass: m/e - 413, 395, 341. 

The suspension of sodium salt of methylsulfonamide 
in dimethylsulfoxide used in the hereinbefore described 
reaction was prepzured as follows: 

To 3.9 ml of dry dimethylsulfoxide, 295 mg of sodium 

10 hydride was added, and the resulting mixture was stirred for 

one hour at IS^'C. To a solution of 370 mg of methanesulfonamide 
in 2 ml of dry dimethylsulfoxide, 1.95 ml of a solution of 
sodiomethylsulfinylcarbanion in dimethylsulfoxide, prepared by - 
the above reaction, was added dropwise with water cooling, and 

15 the reaction mixture was stirred for one hour at 25 'C to give 
the suspension of sodium salt of methylsulfonamide in dimethyl-* 
sulfoxide • 

The following cooqpounds were obtained by the same 
procedure as described in Reference Example 8: 
20 (a) {13E) - ( 9a , 11a , 15S ) -N-Methanesulf ony 1-9 , 15-bis ( tetrahydro- 
pyran-2-yloxy)-ll-hydroxyprost-13-en -1-amide 
Starting material: carboxylic acid prepared in 

Reference Example 7ta) ; 
TLC (ethyl acetate): Rf = 0,57; 
25 NMR: fi « 5.6-5.3{2H, m) , 4.8-4.5(2H, m) , 3.27 (3H, s) , 

0.88 {3H, t); 
IR : V « 2930, 1710, 1446, 1340 cm"^i 
Mass: m/e » 415, 397. 



(5Z , 13E) - ( 9a , llo , 15S , 17S) -N-Methanesulf onyl-9 ,9fi-® 8141 
bis { tetrahydrQpyran-2-yloxy) -ll-hydroxy-17 , 20-diniethyl- 
prosta-5,13-dlen -l-amide 

Starting material: carbo^lic acid prepared in 

Reference Example 7 (b) ; 

TLC (ethyl acetate): Rf « 0.58; 

NMR: 6 « 5.6-5.17(4H, m) , 4.8-4.S(2H, n) , 3.3(3H, 8), 

1.0-0.7 (6R, m)t 
IR : V • 2940, 1710, 1445, 1340 em*"^; 
Mass: m/e > 441, 423. 

(5Z , 13B) - (9a , 11a, 15S) -N-Methane8ul£onyl-9 , IS-bis (tetrahydro 
pyran-2-yloxy)-ll-hydroxy-15- (3-propylcyclopentyl) - 
16,17,18,19,20-pentanorprosta-5,13-dien -1-amide 
Starting material: carboxylic acid prepared in 

Reference Exanqple 7 (c) ; 
TLC (ethyl acetate): Rf « 0.58; 

NMR: 6 m 5.6-5.2(4H, m) , 4.8-4.5(2H, m) , 3.30(3H, s) , 

0.88(3H, t); 
IR : V 2930, 1710 cm'^; 
Mass: m/e ■ 453, 435. 

(5Z , 13E) - (9o ,llo, 15S) -N-Methanesulf onyl-9 , 15-bis (tetrahydrc 
pyran-2-yloxy ) -ll-hydroxy-16-phenyl-17 , 18 , 19 , 20-tetr anor- 
prosta-5,13-dien -1-amide 

Starting material: carboxylic acid prepared in 

Reference Exanqple 7 (d) } 
TLC(ethyl acetate): Rf » 0.55; 

NMR: « » 7.5-7.1(5H, m) , 57-5. 2(4H, m) , 4.8-4.5(2H, m) , 

3.30(3H, s); 
IR : V » 2930, 1710 cm"^; 
Mass: m/e « 433, 415. 
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(e) (5Z , 13E) - (9o /llo , 15R) -M-Methanesulfonyl-S , 15-bis (tetrahydro- 

pyran-2-yloxy) -ll-hydroxy-16- (3-chlorophenoxy) -17 , 18 , 19 » 20- 

tetranorprosta-5,13-dien -l-amide 

Starting material: carboxylic acid prepared in 

Reference Example 7 (e) ; 
TLC (ethyl acetate): Rf « 0.56» 

NMR: 6 » 7.3-6.7{4H, m) , 5.6-5.2(4H, m) , 4.8-4.5(2H, m) , 

3.30(3H, s); 
IR : V = 2930, 1710, 1600 cm'^j 



10 



Mass: m/e * 483 » 



Reference Example 9 

{ 5Z , 13E) - ( 9a , 15S) -N-Hethanesulf onyl-9 , 15-bis (tetrahydropyran- 
2-yloxy ) -ll-oxoprcsta-5 , 13-dien -l-amide 

With cooling to -30»C, 0.64 ml of Jones' reagent (pre- 
15 pared by addition of 23 ml of sulfuric acid to a solution of 
26.7 g of chromium trioxide in 40 ml of water followed by 
addition of water to make the total volume 100 ml) was added 
dropwise to a solution of 342 mg of 11-hydroxy compound (prepared ii 
Reference Example 8) in 3 ml of acetone, and the resulting 
20 solution was stirred for 20 minutes at the same temperature. 
TO the reaction mixture, 0.26 ml of isopropanol was added 
dropwise at that temperature followed by stirring for 20 
minutes to quench the excess chromium trioxide. After addition 
of 50 ml of ice-water, the reaction mixture was extracted with 
25 ethyl acetate. The extract was washed with water and a saturated 
aqueous solution of sodium chloride, dried over magnesium sulfate 
and concentrated under reduced pressure. The residue was 
purified by column chromatography on silica gel using a mixed 
solvent of n-hexane and ethyl acetate firstly and ethyl acetate 



- 71 - 0098141 

finally as eluent to give 164 mg of the title compound having 

the following physical characteristics: 

TLC(n*hexane: ethyl acetate » lt2)t Rf « 0.49i 

NMR: 5 » 5.7-5,2(4H, m) , 4.8-4.5(2H, in), 4.4-3.0(6H, m) , 

3.28(3H, s); 
IR : V » 3300-3000, 2930, 1740, 1720 cm"^; 
Mass: zn/e » 411, 393, 340, 322. 

The following compounds were obtained by the same 
procedure as described in Reference Example 9: 

(a) ( 13E) - (9a , 15S) -N-Methanesulf onyl-9 , IS-^bis (tetrahydropyran- 
2-yloxy)-ll-oxoprost-13-en -1-amide 

Starting material: 11-hydroxy compound prepared in 

Reference Example 8 (a) ; 
TLC (n-hexane-ethyl acetate « 1:2): Rf > 0.49} 
NMRt 6 - 5.7-5.3(2H, m) , 4.8-4.5{2H, m) , 3.27(3H, s) , 

0.88(3H, t); 
IR : V » 2930, 1740, 1720, 1440, 1340 can'^; 
Mass: m/e » 413, 395. 

(b) { 5Z , 13E) - (9a , 15S , 17S) -N-Methanesulf onyl-9 , 15-bls (tetrahydro 
pyran-2-yloxy ) -ll-oxo-17 , 20-dimethylproata-5 , I3-dien -1- 
amide 

Starting material: 11-hydroxy compound prepared in 

Reference Example 8 (b) ; 
TLC(n-hexane: ethyl acetate » 1:2): Rf - 0.51; 
NMRs 6 = 5.9-5.2(4H, m) , 4.8-4.4(2H, m) , 3.26(3H, a), 

1.0-0.7(6H, m); 
IR : V » 2935, 1742, 1720, 1116, 1020 cib"^i 
Mass: m/e » 439, 421. 
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(c) (5Z,13£)-(9a,I5S)-lI-Metbanesulfonyl-9,15-bl8(tetrahydro- 
pyran-2-yloxy) -ll-oxo-15- (3-propylcyclopentyl) -16 , 17 , 18 , 19 , 20- 
pentanorprosta-5,13-dien -l-amide i 
Starting material: 11-hydroxy compound prepared in fi 

i 

5 Reference Example 8(c); 

TLC(n-hexane: ethyl acetate « 1:2): R£ » 0.50; 
NMR: 6 « 5.9-5.2 (4H, m) , 4.8-4.4 (2H, m) , 3.3(3H,s), 
0.87{3H, t); 
• IR I V = 2930, 1740, 1720 cm"^; 
10 Mass: m/e - 451, 333. ' '. 

(d) (5Z , 13E) - (9a , 15S) -N-Methanesulfonyl-9 , 15-bis (tetrahydro- 
pyran-2-yloxy ) -ll-oxo-16-phenyl-17 , 18 , 19 , 20- tetzanor- 
prosta-5,13-dien -l-amide 

Starting material: 11-hydroxy compound prepeured in 

Reference Example 8 (d) ; 
TLC(n-hexane: ethyl acetate * 1:2): Rf » 0.47; 
NMR: 6 « 7.5-7.1{5H, ro) , 5.7-5.2{4H, m) , 4.8-4.5(2H, m) , 

3*30(3H, s); 
IR : V = 2930, 1740, 1716 cm"^; 
20 Mass: m/e = 431, 413, 

(e) (5Zrl3E) - (9a,15R) -N-Methanesulf onyl-9 , 15-bis (tetrahydro- 
pyran-2-yloxy) -ll-oxo-16- (3-chlorophenoxy) -17 , 18 , 19 , 20- 
tetranorprosta-5,13-dien -l-amide 

Starting material: 11-hydroxy compound prepared in 
25 Reference Example 8 (e) ; ^ 

TLC(n-hexane: ethyl acetate »l:2):Rfs0.48; 
NMR: 6 = 7.3-6.7 (4H, m) , 5.7-5.2(4H, m) , 4.8-4.5 (2H, in), 

3.3(3H, s); 
IR : V ■ 2930, 1740, 1720, 1600 cm~^; 
Mass: m/e «> 481, 463. 
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Reference Exeunpl e 10 

(52,13E) - {9a A5S) -N-Methanesulfonyl-9,15-dihydroxy-ll-oxoprosta- 
5^13-dien -l-amide (i.e. PGDj methane sulfonylamide) 

To a solution of 196 mg of 9,15-bis(tetrahydropyran- 
^ 5 2-yloxy) compound (prepared In Reference Example 9) In 0.32 ml 
of tetrahydrofuran, 3.2 ml of 65% aqueous acetic acid was 
added, and the resulting solution was stirred for 8 minutes at 
80 followed by addition of 50 ml of ice-water and then 
extracted with ethyl acetate. The extract was washed with 

10 water and a saturated aqueous solution of sodium' chloride / 

dried over anhydrous magnesium sulfate, and concentrated with 
addition of toluene under reduced pressure at low temperature. 
The residue was purified by column chromatography on silica gel 
using a mixed solvent of n-hexane and ethyl acetate firstly and 

15 ethyl acetate finally as eluent to give 42 mg of the title 
compound having the following physical characteristics: 
Melting point: 132 'C; 

TLC (chloroform : tetrahydrofuran : acetic acid a i0:2:l): Rf » 0.14; 
NMR(a mixed solution of acetone-dg and CDClj) : 
20 fi « 5.70-5.33(4H, m) , 4.48(1H, m) , 4.12(1H, m) , 

3.25(3H, m), 0.88(3H, t) ; 
IR(KBr method): v » 3650-3200, 2930, 1740, 1720 cm""^; 
Mass: m/e = 411, 393, 340, 322. 

The following compounds were obtained by the same 
' 25 procedure as described in Reference Example 10: 

(a) (13E) - (9a , ISS) -N-Methanesulf onyl-9 , 15-dihydroxy-ll-oxo- 
prost-13-en -l-amide (i.e. PGDj^ methanesulfonylamide) 
Starting material: 9,15-bis(tetrahydropyran>2-yloxy) 

compound prepared in Reference 
Example 9(a) ; 
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TLC (chloroform; tetrahydrofuran: acetic acid » 10:2:1): 

Rf « 0.14; 

llMR(a mixed solution of acetone-d^ and CDCl^): 

6 » 5.6-5.4 (2H, m) , 4.46 (IH, m) , 4.08 (IH, n) , 
3.26 (3H, s), 0.88 (3H, t) f 
IR : V = 3420, 2930, 1740, 1720, 1460, 1320, 1118 cm"^j 
■Mass: m/e *> 413, 395. 

(5Z , 13E ) - ( 9a , 15S , 17S) -N-Methanesulf onyl-9 , 15-dihydroxy-. 
ll-oxo-17,20-diinethylprosta-5,13-dien -l-amide (i.e. 
17S , 20-Dimethyl-P6D2 methanesulfonylamlde) 
Starting material: 9,15-bis(tetrahydropyran-2>yloxy} 

. compound prepared in Reference 
Example 9(b); 

TLC (chlorofoxm: tetrahydrofuran raoetic acid - 10:2:1): 
Rf « 0.16; 

NMR(a mixed solution of acetone-d^ and CDC1-) : 

« « 5.7-5.3 (4H, m), 4.46 (IH, m) , 4.10 (IH, m) , 
3.24 (3H, s), 1.0-0.7 (6H, n) ; 
IR : V • 3420, 3230, 2930, 1740, 1718, 1320, 1120 ca'^i 
Mass: m/e » 439, 421. 

(5Z , 13E) - (9a , 15S) -N-Hethanesulf onyl-9 , 15-dihydroxy-ll- 
oxo-15- (3-propylcyclopentyl) -16 , 17 , 18 , 19 , 20-pentanor- 
prosta-5,13-dien -l-amide [i.e. 15-(3-Propylcyclopentyl)- 
16 , 17 , 18 , 19 , 20-pentanor-P6D2 »®*^nesulf onyleunide] 
Starting material: 9,15-bis (tetrahydropyran-2-yloxy) 

compound prepared in Reference 

Example 9(c) 
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TLC (chloroform: tetrahydrofuran: acetic acid ■ 10:2:1) i 
Rf = 0.16? 

MMR(a mixed solution of acetone**dg and CDCl^} : 

6 » 5.7-5.3(4B, m) , 4.48(1R, d) , 4.13(1H, n) , 
3.25(3H, s), 0.88(3R, t) i 
IR : V « 3420, 2930, 1740, 1720 cia"^| 
Mass: m/e » 451, 433. 

(5Z , 13E) - ( 9a 1 15S) -N~Methanesulf onyl-9 , 15-dihydroxy-ll- . 
oxo-16-phenyl~17 , 18 , 19 , 20-tetranorprosta-5 , ^3-dien -1- 
amide (i.e. l6-Phenyl-17,18,19,20-tetranor-PGD2 
methanesulfonylamide) 

Starting material:. 9,15-bis(tetrahydropyran-2-yloagr) 

compound prepared in Reference 

Example 9 (d) ; 

TLC (chloroform : tetrahydrofuran : acetic acid » 10 : 2 : 1 ) : 
Rf « 0.13; 

NHR(a mixed solution of acetone-dg and CDCl^) : 

6 » 7.5-7.1(5H, m), 5.7-5.4(4H, m) , 4.47(1H, m) , 
4.13 (IH, m), 3.26(3H, s) ? 
IR : V « 3420, 2930, 1740, 1720 cm"^; 
Mass: m/e « 431, 413. 
) (52 , 13E) - ( 9a , 15R) -N-Methanesulf onyl-9 , 15-dihydroxy-ll- 
oxo-16- (3-chlorophenoxy) -17 ,18,19 , 20-tetranorprosta- 
5,13-dien -1-amide [i.e. 16*(3-Chlorophenoxy)-17,18,19,20 
tetranor^PGD2 methanesulfonylamide) 
Starting material: 9,15-bis(tetrahydropyran-2-yloxy) 

compound prepared in Reference 
Example 9(e) ; 
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TLC (chloroform stetrahydrofuran: acetic acid » 10:2:1): 

Rf » 0.13i 

MMR(a mixed solution of acetone*dg and CDCl^) : 

fi » 7.3-6.7(4H, m)r 5.70-5.30(4H, m) ^ 4o6-4.3(2H, m) , 
5 ^ 3.94 (2H, d), 3.30 (3H, s) ; 

IR : V « 3420, 2930, 1740, 1720, 1600 cm*"^! 
Mass: m/e » 481, 463. 

Example 4 • ' - 

(5Z , 9Z , 13E) - (15S) -N-Methanesulf onyl^ll-oxo-lS-hydroxyprosta- 

10 5,9,13-trien -1-amide (i.e. g-Deoxy-A^-PGD^ methanesulfonylamide) 
To a solution of 50 xng of P6D2 methanesulfonylamide 
(prepared in Reference Example 10) in 1 ml of ethanol, 58 ml of 
Tris-hydrochloric acid buffer solution (prepared by the same 
procedure described in Example 2) (pH 7.2) was added with 

15 stirring, and the resulting solution was stirred for 30 minutes 
at 37 'C. Cooling with ice-water, the reaction mixture was 
adjusted with IN aqueous hydrochloric acid to pH 4, and 
extracted with ethyl acetate. The extract was washed with 
water and a saturated aqueous solution of sodium chloride, 

20 dried over anhydrous magnesium sulfate, and concentrated under 
reduced pressure. The residue was purified by column 
chromatography on silica gel using a mixed solvent of n-hexane 
and ethyl acetate firstly and ethyl acetate finally as eluent 
to give 8.4 mg of the title compound having the following 

25 physical characteristics: 

TLC (chloroform :tetrahydrofuran: acetic acid = 10:2:1): Rf « 0.42; 
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NMR: « - 7.6 (IH, dd) , 6.18 (IH, dd) , 5.7-5.62 (2H, m) , 

5.6-5.3(2H, m), 4.22-4.1(lH, m) , 3.28(3H, a), 
2.94-2.8 (IH, m), 2.74-2.64 (IH, m) t 
IR : V » 3650-2600, 2930, 1700, 1620 cm'^; 
5 Mass: m/e > 4U(M'*'), 393, 322. 

The following compounds were obtained by the same 
procedure as described in Example 4: 

(a) (9Z , 13E) - (15S) -N-Methanesulf onyl-ll-oxo-15-hydroxyprosta- 
9^13-dien -1-amide (i.e. 9-Deoxy-A^-PGDj^ methanesulfonyl- 

10 amide) 

starting material: PGD^^ methanesulfonylamide compound 

prepared in Reference Example 10 (a) ; 
TLC (chloroform :tetrahydro£uran: acetic acid « 10:2:1): 
R£ « 0.42; 

15 NMR: 6 - 7.60 (IH, dd) , 6.18 (IH, dd) , 5.66 (2H, m) , 

4.14(1H, m), 3.28(3H, s) , 0.88(3H, t) ; 

IR : V - 3420, 2930, 1700, 1330 cm"^; 

Mass: m/e - 413 (h'*'}, 395. 

(b) (5Z, 9Z, 13E) - (15S,17S) -N-Methanesulfonyl-ll-oxo-15-hydroxy- 

20 17,20-dimethylprosta-5,9,13-trien -1-amide (i.e. 17S,20- 

q 

Dimethyl-9-deoxy-A -PGDj methanesulfonylamide) • 
Starting material: PGDj methanesulfonylamide compound 

prepared in Reference Example 10(b); 
TLC (chloroform :tetrahydrofuran: acetic acid « 10:2:1): 
25 Rf s 0.44; 

NMR: fi « 7.60 (IH, dd) , 6.17 (IH, dd) , 5.66 (2H, m) , 
5.6-5.3(2H, m), 4.16(1H, m) , 3.28(3H, s) , 
1,0-0.8(6H, m); 
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IR : V » 293Cr, 1700, 1330, 1120 can 
Mass: m/e - 439 (M*), 421. 

(52 , 9Z , 13E) - (15S) -N-Methanesulfonyl-ll-oxo-lS-hydroxy-lS- 
( 3-propylcyclopentyl ) -16 , 17 , 18 , 19 , 20-pentanorprosta- 
5,9,13-trien -l-amide [i.e. 15- (3-Propylcyclopentyl) - 

Q 

16 , 17 , 18 , 19 , 20-pentanor-9-deoxy-A -PGDj methanesulf onyl- 
amide] 

Starting material: PGD^ methanesulf onylamide compoiuid 

prepared in Reference Example 10 (c) ; ' 
TLC (chloroform: tetrahydrofuran: acetic acid - 10:2:1): 
Rf « 0.43; 

NMR: 6 - 7.61(1H, dd) , 6.18 (IH, dd) , 5.68 (2H, m) , 
5.6-5.3(2H, m), 4.20(1H, m) , 3.28 (3H, s) , 
0.88 (3H, t); 

IR : V » 3420, 2930, 1705 cm'^i 

Mass: m/e » 451(M*), 433. 

(5Z , 9Z ,13E) - (15S) -N-Methanesulf onyl-ll-oxo-15-hydroxy-16- 
phenyl-17 ,18,19, 20-tetranorprosta-5 , 9 , 13-trien -l-amide 

(i.e. 16-Phenyl-17,18,19,20-tetranor-9-deoxy-A^-PGD2 
methanesulfonylamide) 

Starting material: PGD2 methanesulfonylamide compound 

prepared in Reference Example 10(d); 

TLC (chloroform : tetrahy^of uran : acetic acid = 10:2:1): 
Rf = 0.41; 

NMR: 6 = 7.51(1H, dd) , 7.5-7.1 (5H, m) , 6.18 (IH, dd) , 
5.65(2H, m), 5.6-5.3(2H, m) , 4.25(1H, m) , 
3.30 (3H, s); 

IR : V « 2930, 1703 cm"^; 
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(e) (52 , 92 , 13E) - (15R) "N-Methanesulf onyl-ll-oxo-lS-hydroxy-U- 
(3-chlorophenoxy) -17 , 18 , 19 , 20-tetranorprosta-5 ,9,13- 
trien -l-amide [i.e. 16- (3.Chlorophenoxy)-17,18,19,'20-" 
5 ^ tetranor-9-deoxy-A^PGD2 "nethanesulfonylamlde] 

starting material: PGD^ nethanesulfonylamide compound 

prepared in Reference Exajnple 10 (e) ; 
TLC(chlorofonn:tetrahydrofuran:acetic acid - 10:2:1): 
Rf » 0.41; 

10 NMR: 6 - 7.60(1H, dd) , 7.3-6.7(4H, m) , 6.20aH, dd) , 

5.70(2H, n), 5.50-5.30(2H, m) , ■4.20(1H, m) , 
3.30(3H, s); 
XR : V » 2930, 1700, 1600 cn~^; 
Mass: m/e » 481 (M*), 463. 

15 iacaraple 5 

(52,92, 14E2) -N-Methanesulf onyl-ll-oxoprosta-5 , 9 , 12 , 14- 
tetraen -l-amide 

TO a solution of 22 mg of PGD^ nethanesulfonylamide 
(prepared in Reference Example 10) in 0.5 ml of tetrahydrofuran, 

20 0.5 ml of a IN aqueous hydrochloric acid was added, and the 
resulting solution was refluxed for 60 minutes. To the 
resulting mixture, 50 ml of .ice-water was added and the 
resulting mixture was extracted with diethyl ether. 
The extract was washed with water and a saturated aqueous 

25 solution of sodium chloride, dried over anhydrous magnesium 

sulfate, and concentrated under reduced pressure. The residue 
was purified by column chromatography on silica gel using a 
mixed solvent of n-hexane and ethyl acetate as eluent to give 
8 mg of the title compound having the following physical 
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characteristics t 

TLC (chloroform :tetrahydro£uran: acetic acid > 10:2tl)s Rf - 0.70; 
NMR: 5 - 8.9-8.8 (IB, o), 7.5 (IB, dd) , 6.95(1B, bd) , . . 
6.39(1B, dd), 6.5-6.2(2H, m) , 5.5-S.3(2B, n), 
5 3.7-3.6 (IH, m), 3.29 (3B, s) ; « 

ZR : V « 3650-3000, 2925, 1710, 1680 coT^t 
Mass: m/e « 393 (M^), 322. 

The following compounds were obtained by the same 
procedure as described in Example 5: 
10 (a) (9Z,14EZ)-N-Methanesulfonyl-ll-oxoprosta-9,12,14-trien- 
1-amide 

Stuting material: PGD^ metbanesulfonylamide compound 

prepared in Reference Example 10(a); 
TLC (chloroform: tetrahydrofuran: acetic acid « 10:2sl)t 
15 Rf = 0.70; 

NMR: 5 « 7.50(ia, dd) , 6.96(1B, d) , 6.46-6.25 (3H, m) , 

3.65{1H, m), 3.28{3H, s) , 09O(3H, t) ; 
ZR : V « 2920, 1710, 1680, 1620 cm~^; 
Mass: m/B = 395(H^). 
20 (b) (5Z,9Z,14EZ)-(17S)-N-Methanesulfonyl-ll-oxo-17,20- 

dimethylprosta-5,9,12,14-tetraen -1-amide ' j 

Steurting material: PGDj metbanesulfonylamide compound 

prepared in Reference Exan^le 10(b); ! * 

TLC (chloroform: tetrahydrofuran: acetic acid » 10:2:1): 
25 Rf » 0.72; ' ' 

NMR: 6 = 7.51(1H, dd) , 6.96(1B, dd) , 6.50-6.23(3H, m) , 
5.50-5.23(2B, m) , 3.66(1B, m) , 3.30(3B, s) , 
1.0-0.8 (6B, m) ; 
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IR : V - 2930, 1710, 1680, 1622 cm ? 
Masss n/e » 421 (M )o 

(5Z,9Z,14EZ)-N-Methanesulfonyl-ll-oxo-15-(3-propylqyclo- 
pentyl) -16 , 17 ,18 , 19 , 20-pentanorproBta-5, 9 , 12 , 14»tetraen- 
l-amide 

Starting materials PGDj methanesttlfonylamide coB^naund . . 

prepared in Reference Bxample 10(c)i 
TLC(chlorofonBstetrahydrofuransacetic acid ° 10s2sl)s 

Rf ■ 0.72J 

NMRs 6 « 7,51(1H, dd), 6.96(1H, dd) , 6.50-6.23 (3H, m) , 

5,5"5.2(2H, m), 3,30(3H, s) , 0.90(3H, t) t 
IR : V » 2930, 1710, 1680, 1622 cm"^; 
Haass in/e - 433 (M*). 

(5Z , 9Z , 14EZ) -N-Methane8ul£onyl-ll-oxo-16-phenyl- 

17 , 18 , 19 , 2 0»tetranorprosta-5 , 9 , 12 , 14-tetraen -l-aaid« 

Starting material* PGD^ methanesulfonylamide compound 

prepared in Reference Example 10 (d) j 
TLC (chloroform: tetrahydrofurant acetic acid « 10:2sl>: 
Rf » 0.681 

NMR: - 7.5-7.1(6U, m) , 6.92(1H, d) , 6.45-6.20{3H, m) , 

5,50-5.23 (2H, m), 3.70(1H, m) , 3.30(3H, s) ; 
IR s V • 2930, 1710, 1680, 1620 cm"^> 
Masss m/e « 413 (M*). 
) (5Z , 9Z , 14EZ) -N-Methanesulf onyl-ll-cxo-16- (3-chlorophenoxy ) 
17 , 18 , 19 , 20-tetranorprosta-5 ,9,12, 14-tetraen -1-amide 
Starting materials PGDj methanesulfonylamide compound 

prepared in Reference Example 10 (e) i 
TLC (chloroform: tetrahydrofuran:acetic acid ° 10:2:1) s 

Rf o 0.68; 
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NMR: 6 » 7.52{1H, dd) , 7.3-6.7(5H, m) , 6.5-6*2(3H, m) , 

5.4-5.2(2H, m), 3o68{lH, m) , 3.30(3H, s) ; 
IR : V « 2930, 1710, 1680, 1620, 1600 cm"^; 
Mass; m/e « 463 (M*). 

5 - Reference Example 11 

( SZ , 13E) - (9a , 11a , ISS) ,N-Diinethyl-9 , 15-bis (tetrahydropyran-2- 
yloxy ) -ll«hydroxyprosta-5 , 13-dien -l-amide 

Under em atmosphere of nitrogen, 0.32 ml of 
triethylamine was added to a solution of 507 xng qf carboxylic 

10 acid (prepared in Reference Example 7) in 20 pil of methylene 
chloride at 0*C and the resulting solution was stirred. 
To the resulting solution, 0,27 ml of isobutyl chloroformate 
was added dropwise at the same ten^ierature, and the resulting 
mixture was stirred for 30 minutes and warmed to room 

15 temperature. Gaseous dimethylamine was blown through the 
resulting mixture for one hour, and the reaction mixture was 
stirred for one hour, neutralized with a aqueous solution of 
oxalic acid and extracted with ethyl acetate. The extract was 
washed with a saturated aqueous solution of sodium chloride, 

20 dried, and concentrated under reduced pressure. The residue 
was purified by column chromatography on silica gel using a 
mixed solvent of n-hexane aiyi ethyl acetate firstly and ethyl 
acetate finally as eluent to give 522 mg of the title compound 
having the following physical characteristics: 

25 TLC (ethyl acetate): Rf « 0.21; 

NMR: & = 5.7-5. 2(4H, m) , 4.8-4.5{2H, m) , 4.3-3.2(7H, m) , 

2.96(6H, bs), 1.0-0.7(3H, m) j 
IR : V « 3450, 2930, 1640 cnT^t 
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Mass: m/e " 464, 447. 

The following compounds were obtained by l^he s&ine 
procedure as described in Reference Example 11: 

(a) {13E) - (9o,llo,15S) -N,H-Diinethyl-9,15-bis (tetrahydropyran- 
5 2-yloxy) -ll-hydroxyprost-13-en -1-amide 

Starting material: carboxylic acid prepared in ' ' 

Reference Example 7 (a) ; 
TLC (ethyl acetate): Rf « 0.22; 

NMR: 6 = 5.6-5.4 (2H, m) , 4.8-4.5 (2H, m) , 2.94 (6H, s) , 
10 0.86 (3H, t); 

IR : V » 3460, 2940, 1642 cm"^; 
Mass: n/e » 449. 

(b) ( 5Z , 13E) - ( 9a r 11a , 158 , 17S ) -N ,N-Dimethyl-9 , 15-bis ( tetrahydro- 
pyran-2-yloxy) -ll-hydroxy-17 , 20-dimethylprosta-5, IS-dien-l-amide 

15 Starting material: carboxylic acid prepared in 

Reference Example 7 (b) ; 
TLC (ethyl acetate): Rf » 0*22; 

NMR: 6 » 5-7-5*3(4B, m) , 4.8-4.5(2H, m) , 2,95{6H, s) , 
1.0-0. 8 (6H, m) ; 
20 IR : V « 3450, 2930, 1700, 1640 cm"^? 

Mass: m/e » 475 « 

(c) (5Z , 13E) - (9a , 11a , 15S) -N,N-Dimethyl-9 , 15-bis (tetrahydropyran- 
2-yloxy) -ll-hydroxy-lS-' (3-propylcyclopentyl) -16 , 17 , 18 , 19 , 20- 
pentanorprosta-5 , 13-dien -1-amide 

25 Starting material: carboxylic acid prepared in 

Reference Example 7 (c) ; 
TLC (ethyl acetate): Rf = 0.23; 

NMR: 6 - 5.6-5.2(4H, m) , 4.8-4. 5(2H, m) , 2.95(6H, s) , 
0.87 (3H, t)j 
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IR J V » 3450, 2940, 1640 cn"^; 
Mass: m/e " 487. 

(d) (5Z , 13E) - ( 9a , 11a , 15S) -N,N-Dljnethyl-9 , IS-bis (tetrahydror 
pyran-2-yloxy) -ll-hydroxy-16-phenyl-17 , 18 , 19 , 20-tetranor- 

5 prosta-5,13>dien -l-amide 

Starting material: carboxylic acid prepared in 

Reference Exan^le 7 (d) ; 
TLC (ethyl acetate): Rf = 0.20; 

NMR: 6 = 7.5-7.1(SH, m) , 5.7-5. 2(4H, m) , 4.8-4. 5(2H, m) , 
^0 2.96 (6H, s>? 

IR : V » 3450, 2930, 1640 cm'^j 
Mass: m/e « 484, 467. 

(e) (5Z,13E)-(9a,lla,15R)-N,N-Dimethyl-9,15-bis(tetrahydro- 
pyran-2-yloxy ) -ll-hydroxy-16- (3-chlorophenoxy) - 

15 17/18, 19, 20-tetranorprosta-5,13-dien -l-amide 
Starting material: carboxylic acid prepared in 

Reference Example 7(e); 
TLC (ethyl acetate): Rf » 0.20; 

NMR: 6 = 7.3-6,7(4H, m) , 5.7-5. 2(4H, m) , 4.8-4.5(2H, m) , 
^° 2.98(6H, s); 

IR : V = 3460, 2930, 1640, 1600 cm"^; 
Mass: m/e = 517. 

Reference Example 12 

(5Z, 13E) - (9o,15S) -N,N-Dimethyl-9,15-bis (tetrahydropyran-2- 
25 yloxy)-ll-oxoprosta-5,13-dien -l-amide 

Under an atmosphere of nitrogen, a mixture of 1.8 ml 
of pyridine and 1.1 g of chromium trioxide in 35 ml of methylene 
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chloride was stirred for 15 minutes. To the reaction mixture , 
5 g of Celite was added and 300 mg of 11-hydroxy compound 
(prepared in Reference Example 11) in 5 ml of methylene 'chloride 
was added at O^C. The mixture obtained was stirred for 30 
^ 5 • minutes, diluted with ethyl acetate and filtered. The filtrate 
was washed with water, a 5% aqueous solution of cupric acetate 
and a saturated aqueous solution of sodium chloride, dried, and 
. concentrated under reduced pressure. The residue was purified 
by column chromatography on silica gel using a mixed solvent 
. 10 of n-hexane and ethyl acetate firstly and ethyl acetate finally 
as eluent to give 289 mg of the title compound having the 
following physical characteristics: 
TLC (ethyl acetate): Rf » 0.37; 

NMR: 6 = 5.8-5.3(4H, m) , 4.8-3.2(8H, m) , 2.95(6H, bs) , 
15 1.0-0.7 (3H, m); 

IR : V " 2930, 1740, 1645, 1125, 1015, 980 cm"^; 
Mass: m/e ■ 412, 445, 361. 

The following compounds were obtained by the same 
procedure as described in Reference Example 12: 
20 (a) (13E) - (9a , 15S) -N ,N-Dimethyl-9 , 15-bis {tetrahydropyran-2- 
yloxy) -ll-oxoprost-13-en-l-amide 

Starting material: 11-hydroxy compound prepared in 

Reference Example 11 (a) ; 
TLC (ethyl acetate): Rf « 0*37; 
25 NMR: S « 5.7-5.3(2H, m) , 4.8-4.5(2H, m) , 2.96(6H, s) , 

0.88 (3H, t) ? 
IR : V a 2930, 1740, 1644 cm"^; 
Mass: ro/e a 447. 
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(5Z A3E) - (9a, 15S, 17S) -N,N-Di]aethyl-9 ,15-bl8 (tetrahydro- 
pyran-2-yloxy ) -ll-oxo-17 , 20-cliBxethylpro8ta-5 , 13-dien-l- 
amide 

Starting material: 11-hydroxy compound prepared In 

Reference Example 11 (b) ; 
TLC (ethyl acetate): Rf » 0.37; 

NHR: 5 s 5.8-5.3 (4H, m) , 4.66 (2H, m) , 2.96 (6H, s) , 

1.0-0.7 (6B, m); 
IR : V = 2930, 1740, 1648 cm"^> 
Mass: m/e « 490, 473. 

(5Z , 13E) - ( 9a , ISS) -N,N-Diinethyl-9 , 15-bis (tetrahydropyran- 
2-yloxy) -ll-oxo-15- (3-propylcyclopentyl) -16 , 17 , 18 , 19 , 20- 
pentanorprosta-5 , 13-dlen-l-asiide 

Starting material: 11-hydroxy compound prepared in 

Reference Example 11(c); 
TLC (ethyl acetate): Rf » 0.38; 

NHR: 5 = 5,7-5. 3(4B, m) , 4e8-4.4(2B, m) , 2.95(6H, t) , 

0.86 (3H, t); 
IR : V « 2935, 1740, 1648 cm^^y 
Mass m/e » 502, 485. 

(5Z , 13E) - (9a,15S) -N,N-Dimethyl-9, 15-bis (tetrahydropyran- 
2-yloxy ) -ll-oxo-16-phenyl-17 , 18 , 19 , 20-*-tetranorprosta-5 , 13 
dien-l-amide 

Starting material: 11-hydroxy compound prepared in 

Reference Example 11 (d) ; 
TLC (ethyl acetate): Rf » 0.36; 

NMR: 5 a 7.5-7.1(5H, m) , 5.8-5.3(4H, m) , 3.00(6H, m) ; 
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IR : V - 2930, 1740, 1645 cm^^; 
Mass: m/e « 482, 465. 
(e) (5Z , 13E) - (9a , 15R) -N,N-Dimethyl-9 , 15-bis (tetrahydro^yraA- 
2-yloxy ) -ll-oxo-ie- ( 3-chlorophenoxy) -17 ,18,19, 20-tetranor- 
5 • prosta-5,13-dien-l-axnide 

Starting material: 11-hydroxy compound prepared in 

Reference Example 11(e); 
TLC (ethyl acetate): Rf » 0.36; 

NMR: 5 » 7.3-6.7(4H, m) , 5.8-5,3(4H, m) , 2.98(6H, s) ; 
10 IR : V - 2930, 1740, 1650, 1600 cm"^j 

Mass: m/e » 532, 515. 

Example 6 

(5Z , 13E) - (9a , 15S) -N ,N-Dimethyl-9 ,15-dihydroxy-ll-oxoprosta- 
5,13-dien-l-amide (i.e. PGDj N,N-dimethylamide) 

15 To a solution of 274 mg of 9,15-bis (tetrahydropyran«- 

2-^yloxy) compound (prepared in Reference Example 12) in 1 ml 
of tetrahydrofuran, 10 ml of 65% (v/v) aqueous acetic acid 
was added, and the resulting mixture was stirred for 10 minutes 
at 70''C. After cooling, the reaction mixture was diluted with 

20 ice-water and extracted with ethyl* acetate. The extract was 
washed with ice-water and a saturated aqueous solution of 
sodium chloride, dried, and concentrated with addition of dry 
toluene under reduced pressure at low temperature. The residue 
was purified by column chromatography on silica gel using a 

25 mixed solvent of n-hexane and ethyl acetate firstly, ethyl 
acetate secondly and a mixed solvent of ethyl acetate and 
acetone finally as an eluent to give 148 mg of the title 
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compound having the following physical characteristics: 

TLC (chloroform :tetrahydro£uran: acetic acid « 10:2:1) t R£ ■ 0.17 

NMR: S » 5.75-5.35(4H, m) , 4.52-4.42{lH, m) , 4.18-4.04 (Ih, m) , 

3.02(3H, s), 2.95(3H, s) , 3.0-2.82(lH, m) , 1.0-0.8(3H, m) ; 
IR : V = 3400, 2925, 1735, 1620 cin"^j 
Mass: m/e ^ 379{H*), 361, 343. 

The following compounds were obtained by the same 
procedure as described in Example 6: 

(a) C13E)-<9a,15S)-N,N-Diinethyl-9,15-dihydroxy-ll-oxoprost-13- 
en-l-amide (i.e. PGDj^ N,H-dimethylaiaide).. 

Starting material: 9 , 15-bis (tetrahydropyran-2-yloxy) compound 

' prepared in Reference Exanqple 12(a); 
TLC (chloroform :tetrahydrofuran: acetic acid » 10:2:1): 
Rf » 0.17; 

... NMR (a nixed solution of acetone-d- and CDCl,): 

o 3 

6 = 5.7-5.4 (2H, m) , 4.46 (IH, m) , 4.10 (IH, m) , 
3.01{3H, s), 2.94(3H, s) , 0.88(3H, t) ; 
IR : V » 3400, 2920, 1738, 1622 cm"^; 
Mass: ra/e » 381(M*), 363, 345. 

(b) {5Z,13E) - (9a,15S,i7S} -N,N-Dimethyl-9,15-dihydroxy-ll-oxo- 
17,20-dimethylprosta-5,13-dien-l-ainide (i.e. 17S,20- 
Dimethyl-PGDj N,H-dimefchylamide) 

Starting material; 9, 15-bis (tetrahydropyran-2-yloxy) compoxind 

prepared in Reference Example 12(b); 
TLC (chloroform :tetrahydrofuran: acetic acid » 10:2:1): 
Rf - 0.17; 

NMR: « - 5.7-5.4(4H, m) , 4.46(lH, m) , 4.10(1H, m) , 
3.02(3H, s), 2.95(3H, s) , 1.0-0.8(6H, m) ; 
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IR : V - 3400, 2930, 1735, 1625 cm^^i 
Mass: m/e * 407, 389, 371. 
(c) (5Z , 13E) - (9o , 15S) -N ,N-Dimethyl-9 , 15-dihydroxy-ll-oxo-15- 
(3-propylcyclopentyl) -16 , 17 , 18 , 19 , 20-pentanorpro8ta-5 , 13- 
5 dien-l-amide [i.e^ 15- (3-Propylcyclopentyl)-16,17,18,19,20- 

pentanor-P6D2 N,N-dimethylaiiiide] 

Starting material: 9,15-bis(tetrahydropyran-2-yloxy) compound 

prepared in Reference Example 12(c)i, 
TLC (chloroform : tetrahydrof uran : acetic acid » 10:2:1): 
10 Rf « 0.18; 

%. 

NMR: 5 - 5.70-5.40(4Hr m) , 4.47 (IH, m) , 4.10(1H, m) , 

3.03(3H, .8), 2.96(3H, s) , 0.88(3H, t) ; 
IR : V = 3400, 2930, 1736, 1625 cm"^; 
Mass: n/e » 419 (H*'), 401. 
15 (d) (5Z,13E)-(9a,15S)-N,N-Dlmethyl-9,15-dihydroxy-ll-oxo-16- 
phenyl-17 ,18,19,2 O-tetranorprosta-5 , 13-dien-l-amide (i.e. 
16-Phenyl-17 ,18,19, 20-tetranor-PGD2 N ,N-dlinathylaniide) 
Starting material: 9,15-bis(tetrahydropyran-2-yloxy) compound 

prepared in Reference Exan^le 12(d); 
20 TLC (chloroform : tetrahydrof uran : acetic acid « 10:2:1): 

Rf = 0.16; 

NMR: « « 7.5-7.1(5H, m), 5.7-5.4(4H, m) , 4,50(1H, m) , 

4.16 (IH, m), 3.01(3H, s), 2.95(3R, s) ; 
IR : V « 3400, 2930, 1735, 1625 cm~^; 
25 Mass ro/e « 399(M*), 381, 363. 

(e) (5Z,13E)-(9o,15R)-N,N-Dimethyl-9,15-dihydroxy-ll-oxo-16- 
(3-chlorophenoxy ) -17 , 18 , 19 , 20-tetranorpro8ta-5 , 13-dien- 
1-amide (i.e. 16- (3-Chlorophenoxy) -17,18,19,20-tetranor- 
PGO, N,N-dimethylamide] 
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starting material: 9 , 15-bis {tetrahydropyran-2-yloxy) compound 

prepared in Reference Exan^le 12 (e) ; 
TLC (chloroform stetrahydrofuran: acetic acid • 10:2:1) s ' 
Rf = 0.16; 

5 NMR: 6 = 7.3-6.7(4H, m) , 5.7-5. 3(4H, m) , 4.6-4. 3(2H, m) , 

3.95(2H, d), 3.02(3H, s), 2.98(3H, s); 
IR : V - 3400, 2930, 1735, 1625, 1600 cm"^; 
Mass: in/e » 449(m'^), 431, 413. 

Exeunple 7 

10 (5Z , 9Z , 13E) - (15S) -N,N-Dimethyl-ll-oxo-15-hydroxyprosta-5 ,9,13- 
trien-l-amide (i.e. g-Deoxy-A^-PGD^ N,N-diinethylamiae) 

To a solution of 57 mg of PGD^ compound (prepared in . 
Example 6) in 0.7 ml of ethanol, 70 ml of Tris-hydrochloric acid 
buffer solution (prepared by the same procedure described in 

15 Example 2) (pH 7.2) was added, and the resulting solution was 
stirred for 20 hours at 37'C. The reaction mixture was extracted 
with ethyl acetate. The extract was washed with a saturated 
aqueous solution of sodium chloride, dried, and concentrated 
under reduced pressure. The residue was purified by column 

20 chromatography on silica gel using a mixed solvent of n-hexane 
and ethyl acetate firstly and ethyl acetate finally as an eluent 
to give 14 mg of the title compound having the following 
physical characteristics: 

TLC(chloroform:tetrahydrofuran:acetic acid « 10:2:1): Rf » 0.49; 
25 NMR: 6 - 7.59(lH, dd) , 6.16(1H, dd) , 5.7-5. 3(4H, m) , 
4.18-4. 02(1H, m), 2.99(3H, s) , 2.94(3H, s) , 
3.0-2.8 (IH, m), 2.72-2.64 (IH, m) , 1.0-0.8 (3H, m) ; 



0098141 

- 91 - 

IR : V - 3420, 2930, 1710, 1630, 1400, 970 cm"^; 
Mass: m/e > 361 (M***), 343. 

The following compounds were obtained by the sane* 
procedure as described in Example 7: 
5 (a) (9Z,13E)-(15S)-N,N-Dimethyl-ll-oxo-15-hydroxypro8ta-9,13- 
dien-l-amide (i.e. 9-Deoxy-A^-PGDj^ N,N-dimethylamide) 
Starting material: PGD^ compound prepared in Example 6(a); 
TLC (chloroform :tetrahydro£uran: acetic acid "10:2:1): 
Rf » 0.49; 

10 NMR: 6 « 7.60(1H, dd) , 6.15(1H, dd) , 5.7-5.5(2H, m) , 

4.10 (IH, m), 3.00 (3H, s), 2.96 (3H, s) , 0.88 (3H,' t) 
IR J V « 3420, 2930, 1710, 1632 cm"^; 
Mass: m/e » 363 (M*), 345. 

(b) (5Z , 9Z , 13E) - (15S,17S) -N,N-Dimethyl-ll-oxo-15-hydroxy-17, 20- 
15 dimethylpro8ta-5,9,13-trien-l-amide (i.e. 178,20-Oimethyl- 

9-deoxy-A^-PGD2 N,N-dimethylamide) 

Starting material: PGDj compound prepared in Example 6(b); 
TLC (chloroform: tetrahydrofuran:acetic acid « 10:2:1): 
Rf = 0.50; 

20 NMR: 5 « 7.58 (IH, dd) , 6.15{1H, dd) , 5.7-5.3 (4H, m) , 

4.10(1H, m), 3.00(3H, s) , 2.95(3H, s) , 1.0-0.a(6H, 
IR : V " 3430, 2930, 1710, 1630 cm"^; 
Mass: m/e « 389 (M*), 371. 

(c) (5Z,9Z,13E)- (15S)-N,N-Dimethyl-ll-bxo-15-hydroxy-15- (3- 
25 propylcyclcpentyl) -16 , 17 , 18 , 19 , 20-pentanorprosta-5 ,9,13- 

trien-l-amide [i.e. 15-(3-Propylcyclopentyl)-16,17,18,19,20 
pentanor-9-deoxy-A®-PGD2 N ,N-dimethylamide J 
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Starting material: PGD^ compouna prepared in Exaiqile 6(c); 
TLC (chloroform : tetrahydrof uran : acetic acid « ■ 10 : 2 : 1) : 

Rf » 0.50? ' * 

NMR: d » 7.60 (IH, dd) , 6.14 (IH, dd) , 5.7-5.3 (4H, m) , 

4.10(1H, m), 3.00 (3H, s) , 2.94 (3H, s) , 0.88 (3H, t) 
IR : V - 3410, 2930, 1713, 1632 cm"^» 
Mass: m/e » 401 (M*), 383. 

(5Z, 92 , 13E) - (15S) -N,N-Dimetl^yl-ll-oxo-15-hydr6xy-16-phenyl- 
17 , 18 , 19 , 20-tetranorpro8ta-5 , 9 , 13-trien-l-amide (i.e. 
16-Phenyl-17, 18 , 19 ,20-tetranor-9-deoxy-A^^-PGD2 N,H-dimfithyl 
amide) 

Starting material:' P6D2 compound prepared in Example 6(d); 
TLC ( chloroform :tetrahydrofuran: acetic acid » 10:2:1): 
Rf = 0.48; 

NMR: 5 - 7.60 (IH, dd) , 7.5-7.1(5H, m) , 6.18 (IH, dd) , 

5.7-5.3 (4H, m), 3.00 (3H, s) , 2.95 (3H, s); 
IR : V » 3420, 2930, 1715, 1632 cm"^; 
Mass: m/e = 381 (M*), 363. 

(5Z, 9Z,13E) - (ISR) -N,N-Dimethyl-ll-oxo-15-hydroxy-16- (3- 
chlorophenoxy) -17 , 18 , 19 , 20-tetranorprosta-5 , 9 , 13-trien-l- 
.,,amide. [i.e. 16-(3-Chlorophenoxy)-17, 18,19, 20-tetranor-9- 
deoxy-A^-PGDj N,N-dimethylamideJ 

Starting material: PGD2 compound prepared in Example 6(e); 
TLC (chloroform rtetrahydrofuran: acetic acid > 10:2:1): 
Rf = 0.47; 

NMR: 6 » 7.65 (IH, dd) , 7.3-6.7 (4H, m) , 6.20(1H, dd) , 
5.74-5.30(4H, m) , 3.00(3H, s) , 2.97(3H, s) ; 
IR : V = 3430, 2930, 1710, 1636, 1600 cm"^; 
Mass: m/e « 431(m'*"), 413. 
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Example 8 

mmmmmmmmmmmmtmmmmmmm 

(SZ,9Z, 14EZ ) -N , N-Dlmethyl-ll-oxoprostft>5 ,9,12, 14-tetxaen-l-amld« 
To a solution o£ 25 xng o£ PGD^ compound (prepared* in 

Example 6) in 0.5 ml of tetrahydrofuran, 0.5 ml of IN aqueous 
5. hydrochloric acid was added, and the resulting solution was 

refluxed for 40 minutes. After cooling, the reaction mixture 

was extracted with diethyl ether, and the extract was washed 
. with a saturated aqueous solution of sodium chloride, dried,. 

and concentrated under reduced pressure. The residue was 
10 purified by column chromatography on silica grel using a nixed 

solvent of n-hexane and ethyl acetate as an eluent to give 14 mg 

of the title compound having the following physical characteristics: 

TLC (ethyl acetate): Rf « 0.33; 

NMR: 6 « 7.54-7.44(lH, m) , 6.95(1H, bd) , 6.5-6.2(3H, m) , 
15 5.60-5.28(2H, m) , 3.66-3.52(lH, m) , 2.99(3H, s) , 

2.94 (3H, s), 1.0-0.8 (3H, m) ; 
IR : V » 2930, 1695, 1630, 1400, 1205, 1140, 980 aa'^t 
Mass: ro/e - 343 (M*), 272, 246, 

The following compounds were obtained by the sane 
20 procedure as described in Example 8: 

(a) (92,14EZ)-N,N-Diinethyl-ll-oxoprosta-9,12,14-trien-l-amide " 
Starting material t PGD^ compound prepared in Example 6 (a) ; 
TLC (ethyl acetate): Rf > 0.34; 

NMR: 6 » 7.52-7.45(lH, m) , 6.95(1H, d) , 6.5-6.1{3H, m) , 
25 3,00(3H, s), 2.94(3H, s) , 0.90(3H, t) ; 

IR : V « 2940, 1698, 1636 cm"^; 
Mass: m/e - 345 (M*). 
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(b) (5Z , 9Z , 14EZ) - (17S) -N ,N-Dimethyl-ll-oxo-17 , 20-dimethylprosta 
5 , 9 » 12 r 14-tetraen-l-aiaide 

Starting material: P6D2 con^und prepeured in Bxas^le 6tb); 
TLC (ethyl acetate): R£ « 0.35; 
-S ; NMR: 6 « 7.50(1H, m) , 6.95(1H, d) , 6.5-6.2(3H, m) , 

5.6-5.3(2H, m), 3.6(1H, m) , 3.00(3H, s) , 

2.94(3H, s)/ 1.0-0. 8 (6H, m) ; 
IR : V = 2930, 1698, 1635 cm~^; 
Mass: m/e « 371 (m"*"). 
10 (c) (5Z,9Z,14EZ)-H,N-Diittethyl-ll-oxo-15-(3-Eropylcyclopentyl)- 
16 , 17 , 18 , 19 , 2 O-pentanorprosta-5 , 9 , 12 , 14-tetraen-l-aiQide 
Starting material & P6D2 compound prepared in Exaisple 6(c); 
TLC (ethyl acetate): Rf = 0.34; 

NMR: 6 = 7.54-7.44 (IH, m) , 6.95(1H, d) , 6,5-6.14 (3H, m) , 
15 5.6-5.26(2B, n) , 3.5 (IB, n) , 3.00(3H, s) , 

2.94(3H, s), 0.90(3B, t) ; 

IR : V = 2930, 1700, 1633 cm"^; 
Mass: m/e » 383 (m"*"). 

(d) (5Z,9Z,14EZ)-N,N-Dimethyl-ll-oxo-16-phenyl-17, 18, 19,20- 
20 tetranorprosta-5 ,9,12, 14-tetraen-l-amide 

Starting material: PGD^ compovuid prepared in Example 6(d);' 
TLC (ethyl acetate): Rf .= 0.32; 

NMR: 6 « 7.56-7.1(6H, m) , 6.95(1H, d) , 6.5-6.1(3H, m) , 
5.6-5.25(2H, m) , 3.00(3H, s) , 2.94 (3H, s) ; 
25 IR : V = 2930, 1697, 1633 cm"^; 

Mass: m/e - 363 (M^) . 

(e) (52 , 9Z , 14EZ) -N,N-Dimethyl-ll-oxo-16- (3-chlorophenoxy) - 
17 , 18 , 19 , 20-tetranorpro8ta-5 , 9 , 12 , 14-trien-l-amide 
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Starting material: PGDj compound prepared in Exwnple 6(e)i 
TLC (ethyl acetate): Rf ■ 0.31; 

NMR: « - 7.54-6.70(6H, m) , 6.5-6.1(3H, m) , 5.5-5.3(2H,'m) , 
3.02 {3H, 8), 2.98 (3H, b) t 
5 IR : V - 2930, 1700, 1632, 1600 cm'^i 

Mass : m/e « 413 (H ) . 

Re ference Example 13 
■ (SZ,13E)-(9o,llo,i5S)-9,15-Bi8(tetrahydropyran-2-yloxy)-ll- 

hydroxyprosta-5,13-dienoic acid methyl ester 
10 To a solution of 1.08 g of 11-benzdyloxy ccmrpound 

(prepared in Reference Example 3) in 10 ml of methanol, 233 mg 
of potassium carbonate was added, and the resulting mixture was - 
stirred for 2.5 hours at 50'C. To the reaction mixture, 50 ml 
of ethyl acetate was added, and the resulting mixture was washed 

15 with a saturated aqueous solution of sodium chloride, dried over 
anhydrous magnesium sulfate, and concentrated under reduced 
pressure. The residue was purified by column chromatography on 
silica gel using a mixed solvent of n-hexane and ethyl acetate 
as an eluent to give 681 mg of the title compound having the 

20 following physical characteristics: 

TLC (cyclohexane: ethyl acetate - 2:1) Rf » 0.19; 

NMR: 6 - 5.7-5. 1(4H, m) , 4.8-4.4(2H, m) , 3.6(3H, s) , 0.9(3H, t)i 

IR : V - 3470, 2930, 1737, 1124, 1018 cm"'*. 

25 Reference Example 14 

(5Z , 13E) - (9o, 11a, 15S) -9, 15-Bis (tetrahydropyran-2-yloxy) -11- 
hydroxyprosta-5 , 13-dien-l-amide 
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A solution of 3.6 g of annonitm chloride in 28 ml of 
concentrated aqueous dnmonia was added to a solution of 637 mg 
of methyl ester compound (prepared in Reference Example *13)" in 
35 ml of ethanol, and the resulting mixture was allowed to 
react for 63 hours at 60 "C in a sealed tube and concentrated 
under reduced pressure. After addition of water, the mixture 
was extracted with ethyl acetate. The extract was washed with 
a saturated aqueous solution of sodium chloride, dried over • 
anhydrous magnesium sulfate, and concentrated under reduced 
pressure. The residue was purified by column chromatography 
on silica gel using ethyl acetate firstly and a mixed solvent 
of ethyl acetate and ethanol finally as an eluent to give 
480 mg of the title compound having the following physical 
characteristics : 

TLC(cyclohexane:ethyl acetate - 1:2) s Rf « o.lO; 
NMR: 6 « 5.7(2H, bs) , 5.6-5.2(4H, m) , 4.8-4.4(2H, m) , 

4.3-3.1(7H, m), 0.9 {3H, t); 
^^.'.y " 3400, 2930, 1670, 1020 cm"^,- 
Mass: in/e = 436, 419, 401, 317. 

Reference Example 15 

(52,13E)-(9a,15S)-9,15-Bis(tetrahydropyran-2-yloxy)-ll-oxo- ' 
prosta-5 , 13-dien-l-araide 

At a temperature of -30to-25'C, 322 yl of Jones' 
reagent (prepared by the same procedure described in Reference 
Example 9) was added dropwise to a solution of 373 mg of 
11-hydroxy compound (prepared in Reference Example 14) in 
3.73 ml of acetone. The resulting solution was stirred for 
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10 minutes at the same temperature, and 246 vl of Isopropanol 
was added to the reaction mixture at that temperature. After 
warming to O^'C, 3 ml of water was added to the resulting 
mixture, and the mixture was extracted with ethyl acetate. 

5 • The extract was washed with water and a saturated aqueous 
solution of sodium chloride, dried over anhydrous magnesium 
sulfate, and concentrated under reduced pressure. The residue 
. was purified by column chromatography on silica gel using ethyl 
acetate as an eluent to give 203 mg of the title. compound 

10 having the following physical characteristic^: 
TLCCcyclohexane: ethyl acetate » 1:5): Rf « 0.43; 
NMR: 6 = 6.0-5.0(6H, m)., 4.8-4.3(2H, m) , 4.3-4.2{6H, m) , 
0.9(3H, t); 

IR : V « 3350, 2930, 1743, 1670, 1130, 1022 cm"-"-. 

Example 9 

(5Z , 13E) - (9a , 155) -9 , 15-Dlhydroxy-ll-oxoprosta-5 , 13-dlen-l-amide 
(i.e. PGD2 amide) 

To a solution of 231 mg of 9,15-bis (tetrahydropyran- 
2-yloxy) compound (prepared in Reference Example 15) in 0.5 ml 

20 of tetrahydrofuran, 5 ml of 65% (v/v) aqueous acetic acid was 
added, and the resulting mixture was stirred for 6 minutes at 
70 *C. After cooling, the reaction mixture was diluted with 
ethyl acetate, washed with water and a saturated aqueous 
solution of sodixim chloride, dried over anhydrous magnesium 

25 sulfate, and concentrated with addition of toluene under 

reduced pressure at low temperature. The residue was purified 
by column chromatography on silica gel using ethyl acetate 
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firstly and a mixed solvent of ethyl acetate and ethanol 
finally as an eluent and by recrystallization from a mixed 
solution of ethyl acetate and n-hexane to give 131 mg of the 
title compound having the following physical characteristics: 

5 • Melting point : 71-73 "C; 

TLC(chlorofo3nii:tetrahydrofuran: acetic acid « 5:2x1}: Ikt " 0.34; 
NMR: 5 = 6.13(2H, s) , 5.74-5.20(4H, m) , 4.45(1H, m) , 

4.08(1H, m), 3.25(2H, s) / 0.88 (3H, t) ; 
IR{KBr method): v » 3430, 2930, 1727, 1659, 1400.cm"^j 

10 Mass: m/e » 333, 315, 280, 244. 

Example 10 

(5Z , 9Z , 13E) - (15S) -ll-Oxo-15-hydro:OTrosta-5 , 9 , 13-trien-l-aiaide - 
9 

(i.e* 9-Deoxy-A -PGDj amide) 

To a solution of 57 xng of PGDj coiq>ound (prepared in 

15 Example 9) in 0«7 xal of ethanol, 70 ml of Tris-hydrochloric acid 
buffer solution (prepared by the same procedure described in 
Example 2} (pH 7.2) was added, and the resulting mixture was 
stirred for 30 hours at 37 ""C. The reaction mixture was 
extracted with ethyl acetate. The extract was washed with a 

20 saturated aqueous solution of sodium chloride, dried over 

anhydrous magnesium sulfate, and concentrated imder reduced 
pressure. The residue was purified by column chromatography 
on silica gel using a mixed solvent of ethyl acetate and 
n-hexane as an eluent to give 16 mg of the title compound 

25 having the following physical characteristics: 

NMR: 6 « 7.61(1H, dd> , 6.16 (IH, dd) , 5.72-5e38 (4H, m) , 
4.13(1H, m), 0.88 (3H, t) ; 
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IR : V » 3430r 2920, 170S, 1658, 1580 cm'^; 
Mass: m/e » 333(m'''), 315. 

Example 11 

(5Z , 9Z , 14BZ) -ll-Oxeprosta-5 , 9 , 12 , 14-tetraen-l-aiBldtt 

To a solution of 25 ng o£ PGD2 conq?o\ind (prepared In 
Example 9) in 0.5 ml of tetrahydrofuran, 0.5 ml of a IN aqueous 
hydrochloric acid was added, and the resulting solution was 
refluxed for 40 minutes. After cooling, the reaction mixture 
was extracted with diethyl ether. The extract was washed with 
a saturated aqueous solution of sodium chloride, dried over 
anhydrous magnesium sulfate, and concentrated under reduced 
pressure. The residue 'was purified by column chromatography 
on silica gel using a mixed solvent of ethyl acetate and 
n-hexane as an eluent to give 16 mg of the title compoiind 
having the following physical characteristics; 
NMR: 5 « 7.47(1H, m) , 6.96(1H, d) , 6.45-6.15{3H, m) , 
5.55-5. 28(2H, m) , 3.60(1H, m) , 0.90(3H, t) ; 
IR : V » 2920, 1700, 1658, 1625 cm^^j 
Mass: m/e » 315 (M*^) . 

The present invention includes within its scope 
pharmaceutical eonqposition* %Aiidh eon^ise at least one 
prostaglandin D analogue of general formula (I) or 
cyclodextrin clathrate thereof, in association with a 
pharmaceutical carrier or coating. 
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In clinical practice, for the prevention or 
therapy (including therapy to secure remission) against 
leukemia or solid cancer, the con^unds of the present 
invention will normally be administered systemically 
or partially? usually by oral or parenteral (e.g. 
intravenous, siibcutaneous or intramuscular) administration. 

Solid compositions for oral administration include 
cOT^jressed tablets, pillst dispersible powders and 
granules* In such solid compositions, one or more of 
the active con5>ound(s) is, or are, admixed, with at 
least one inert diluent such as lactose, mannitol, glucose, 
hydroxypropyl cellulose, microcrystalline cellulose, 
starch, polyvinylpyrrolidone or magnesium metasilicate 
aluminate. The con^sitions may also comprise, as is 
normal practice, additional substances other than inert 
diluents, e.g. lubricating agents such as magnesium 
stearate, and disintegrating agents, such as cellulose 
calcium gluconate. The tables or pills may, if desired 
be made into enteric film-coated or gastric f ilm^coated 
tablets or pills, such as sugar-coated, gelatin-coated, 
hydroxypropylcellulose-coated or hydroxypropylmethyl- 
cellulose phthalate-coated tablets or pills; two or more 
layers may be used. 

The con^sitions for oral administration also 
include capsules of absorbable material such as gelatin, 



0098141 

- 101 - 

containing one or more of the active subetances with or 

r 

without the addition of diluents or excipients* 

Liquid compositions for oral administration include 
pharmaceut ically-acceptable emulsion s , solutions t 

5 suspensions, syrups and elixirs containing inert 

diluents commonly used in the art such as distilled water 
or ethanol. Besides inert diluents such compositions 
may also comprise adjuvants such as wetting and 
suspending agents, and sweetening, flavouring, perf timing 

10 and preserving agents. 

Other ccmipositions for oral admixistration include 
spray compositions which may be prepared by known 
methods and which ccxnprise at least one compound of 
the present invention. 

15 Preparations according to the invention for 

parenteral administration include sterile aqueous or 
non-aqueous solutions, suspensions or emulsions. 
Examples of aqueous solvents or suspending media are 
distilled water for injection and physiological salt 

20 solution. Examples of non-aqueous solvents or suspendirg 
media are propylene glycol « polyethylene glycol, 
vegetable oils such as olive oil, alcohols such as 
ethanol, and Polysorbate 80 (registered Trade Mark). 

25 These compositions may also include adjuvants such as 
preserving, wetting, emulsifying and dispersing agents* 
They may be sterilized, for example, by filtration 



0098141 

- 102 - 

through a bacteria-retaining filter « by incorporation 
of sterilizing agents in the CCTipositions or by 
irradiation. They may also be manufactured in the form 
of sterile solid cc^rgpositions which can be dissolved 
5 in sterile water or some other sterile injectable medium 
immediately before use. 

Other compositions include, for parenteral 
administration, liquids for external use, and endermic 
liniments such as ointments: suppositories for rectal 
10 administration: and pessaries for vaginal administration. 
Such compositions are prepared by laiown methods. 

The percentage of active ingredient in the 
compositions of the invention may be varied, it being 
necessary that it should constitute a proportion such 
15 that a suitable dosage for the therapeutic effect 
desired shall be obtained. Obviously several unit 
dosage forms may be administered at about the same time. 
In general, the preparations should normally contain 
at least 0.025% by weight of active substance when 
20 required for admiristration by injection: for oral 

administration the preparations will normally contain 
at least 0.1% by weight of active substance. 

The dose to be admiristered is determined depending 
upon, for example, age, body* weight, symptoms, the 
25 desired therapeutic effect , the route of administration, 
and the duration of the treatment. 

In the human adult, the doses per person are 
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generally between 5 mg and 500 mg by oral administration, 
and between 500 yxg and 50 mg by parenteral, preferably 
intravenous, administration for the prevention or the 
therapy (including therapy to secure remission) against 
leukemia or solid cancer, and can be administered up to 
several times per day. 

As mentioned above, the doses to be used depend on 
various conditions. Therefore, there may be cases 
in which doses greater than the ranges specified above, 
or lower than the ranges specified above, may be used. 

The following Examples illustrate pharmaceutical 
compositions according to the iwention. 
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Example 12 

A solution of 1 g of (5Z,9Z,14E2)-l-hydroxyniethyl- 
prosta-5,9,12,14-tetraene-l,ll-clione in 5 ml of ethanol 
and 5 g of microcrystalline cellulose were well mixed and 
dried sufficiently. To the resulting mixture, 100 mg of 

5 magnesium stearate. 20 mg of silicon dioxide, 10 mg of 
talc and 200 mg of cellulose calcixmj gluconate (CCG) 
were admixed and then microcrystalline cellulose was 
added to make the total weight 10 g. The resulting 
mixture was well mixed to malce it uniform, and then 

10 tahletted in conventional manner to give 100 tablets each 
containing 10 mg of the active material. 

Example 13 

O- and p-Cyclodextrin clathrate of (5Z,9Z,14EZ)- 
l-hydroxymethylprosta-5 , 9 , 12 , 14-tetraene-l , ll^dione 

15 [prepared by the following procedure: To a solution of 2.4 
g of a-cyclodextrin and 1 g of P-cyclodextrin in 300 ml of 
water, 100 mg of (5Z, 9Z,14EZ)-hydroxymethylprosta-5,9,12, 
14-tetraene-l, 11-dione was added, and the mixture was well 
stirred. The resulting solution was concentrated under 

20 reduced pressure.] were dissolved in 150 ml of distilled 
^^^^^ for injection. The aqueous solution was filtered 
to stenLize it, pipetted into 5 ml ampoules to give l.S 
ml per axnpoule. and lyophiliaed in conventional manner to gi« 
100 ampoules for injection each containing 1 mg of the 

25 active material. 
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CIAIMS FOR CONTRACTING STATES: BE CH DE FR 6B IT LI LU NL SB 
1. Prostaglandin 0 analogues of the general 

formula: 



(X) 



[wherein lAl represents a group of the formula: 



OH p 9 



10 




(II) (111) 

X represents an ethylene group or a cia-vinylene group, 
Cj^g-Cj^^-Cj^g represents 

(i) a group of the formula: 

12 lA,. 

(V) 

OH 

When [A] represents a group of the formula (II) or (III) , or 

(ii) a group of the formula: 

12 lA 

-VN/ (VI) 
13 15 

when [A] represents a group of the formula (IV) , R represents 
(i) a group of the formula: 

-COCH.OH or -CON- g 

3 4 

(wherein R and R , which may be. the same or different, each 
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represent a hydrogen atom or a straight-chain or branched- 
chain alkyl group of 1 - ic carbon atoms) when CA] represents 
a group of the formula (tl) , or 
(li) a group of the formula: 

-COCHjOH , -CON^ ^ or -COHHSOjR 

3 4 ^ 

(wherein R and R are as hereinbefore defined «nd R represents 

a straight-chain or branched-chain alkyl group of 1 - 4 carbon 
atoms) when [A] represents a group of the formula (HI) or (IV) , 
R^ represents a single bond or a straight-chain or branched- 
chain alkylene group of 1 - 5 carbon atoms, R^ represents 
a straight-chain or branched-chain alkyl group of 1 - 8 carbon 
atoms, a cycloalkyl group of 4 - 7 carbon atoms either 
imsubstituted or substituted by at least one straight-chain or 
branched-chain alkyl group of 1 - 8 carbon atcms, or a phenyl 
or phenoxy group either unsubstltuted or substituted by at least 
one halogen atom, trifluoromethyl group or straight-chain or 
branched-chain alkyl group of 1 - 4 carbon atoms, the double bona 
between - C^^ in formula (III) and (IV) is Z, the double 
bond between C^^ - c^^ in formula (V) is E, and the double 
bonds between C^^ " ^13 between C^^^ - C^^ in formula (VI) . 
vAich may be in the same or different conf iguratioi* are E,Z 

or a mixture thereof .provided that when represents a single 
2 

bond, R does not represent a substituted or tmsubstituted 
phenoxy grouig,and cyclodextrin clathrates thereof. 
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2. A prostaglandin analogue according to claim 1 wherein in 
general formula (V) the hydroxyl group attached to the carhon 
atom at the 15-position is in the a-conf iguration. 

3. A prostaglandin analogue according to claim 1 or 2 

1 2 

wherein the grouping -R -R* represents a pentyl or hexyl group 
unsubstituted or substituted by one or two methyl groups? a 
cyclobutyl, cyclopentyl or cyclohexyl group unsubstituted or 
substituted by coie methyl, ethyl, jarppyl or butyl group: or a 
phenyl or phenos^ group either unsubstituted or substituted by 
one cshlorine atom, trifluoromethyl group, or methyl or ethyl grovp. 

4. A prostaglandin analogue according to claim 
1 which is 2>decarboxy-2-glycoloyl-PGD2. 2-decarboxy-2> 
glycoloyl-17S . 20-dimethyl-PGD2 . 2-decarboxy>2-glycoloyl- 
15- ( 3-propylcyclopeRtyl )-16. 17 . 18 . 19. 20-pentanor-PGDj. 
2-decarbcxy-2-glyccloyl-16-phenyl-17 . 18 . 19 . 20-tetranor- 
PGDg, 2-decarboxy-2-glycoloyl-16-<3-chlcrophenoxy)-17. 18. 
19 . 20- tetranor-PGDj , 2-decarboxy-2-glycoloyl-PGDj . 2-deearboxy- 

2-glycoloyl-9-deoxy-»t®-PCa32',2-decarbo3cy»2-glycoloyl-17sV20- 
dlmethyl-S-deoxy-A'-PGDj . 2-decarboxy.2-giycoloyl-l5. (3- 
propylcyclopentyl)-l6,l7,l8,19,20-pentanor-9-deoxy-A'-PCD2,- 
2-decarboxy-2-glycoloyl-16-phenyl.l7,18,19,20-tetranor.9-^ 
. deoxy-i'-PGDj, 2-decarboxy.2.glycoloyl.l6- (3-chloroph.noxy)- 
17,18.l9.20-tetranor-9-d.oxy-A»-PCD2, 2-decarboxy-2-glycoloyl. 
9-deoxy-A^PGD^. (52. 92. l4E2)-l-hydroxy»ethylpro.t-5, 9,12,14- 
tetraene-l.ll-dioae, <52,9Z,14E2)-(l7S)-l-hydroxy«ethyl.l7.20- 
din>ethylpro.ta-5.9,12,l4-tetraene-l,ll.dio„a, (52,92,l4EZ).i- 
hydrcxyjaethyl-15. t3-proFylcyclopentyl)-l6. 17, 18,19, 20-pentanor- 
proBta-5 , 9 . 12 , 14.tetra.ne-1 , 11-dione , (52 , 92 , 14E2 ) -l-hydroxy- 

methyl-16-phcnyl.l7,l8,19.20.tetranorFro,t..5,9,l2,14.t.traan- 
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1,11-dione, C52r92,14E2)-l-hydroximethyl-16-(3-chlorophencxy)- 

17 . 18 , 19 , 20-tetranorpro8ta-5 ,9,12, 14-tetraene-l . ll-dione. 

(92 , 14EZ) -l-hydroxyinethylprosta-9 , 12 ,14-triene-l,ll-dione, 

PGDj amide, PGD^ N,N-dimethylamide, 17S,20-dlmethyl-PGP2 

N,N-dimethylainide, 15- (3-propylcyclopentyl) -16 ,17 ,18 ,19,20- 

pentanor-PGDj N,N-dlmethylamide, 16-phenyl-17, 18, 19,20- 

tetranor-PGDj N,N-aijnethylamide, 16-(3-chlorophenoxy)- 

17,18,19,20-tetranor-PGD2 N,N-dimethylainide, PGDj N,N-dlinethyl- 

amide, g-deoxy-A^-PGDj amide, g-deoxy-A'-PGDj K,N-dime thy 1 amide, 

17S,20-dimethyl-9-deoxy-A*-PGD2 N,N-dimethylamide, 15- (3- 

propylcyclopentyl ) -16 , 17 , 18 , 19 , 20-pentanor-9-aeoxy-&5-PGD2 

N ,N-dimethylamide , 16-phenyl-17 ,18,19, 20-tetranor-9-deoxy- 
9 

L -PGDj N,N-dimethylamiae, 16- (3-chlo^ophenoxy)-17,18,19,20- 
tetrano^-9-deoxy-A^-PGD2 N,N-dimethylamide, 9-deoxy-A*-PGDj 
N ,N-dimethylamide , (52 , 92 , 14E2) -ll-oxoprosta-5 , 9 , 12 , 14- 
tetraen-l-amide , (52 . 92 , 14E2 } -N ,K-dimethyl-ll-oxoprosta- 
5 , 9 , 12 , 14-tetraen-l-amide , (52 , 92 , 14E2) - (17S) -N,N-dimethyl-ll- 
oxo-17 , 20-dimethylprosta-S ,9,12, 14-tetraen-l-aEide , (52 , 92 , 14EZ) - 
N ,N-dimethyl-ll-oxo-15- ( 3-propylcyclopentyl ) -16 , 17 , 18 , 19 , 20- 
pentanorprosta-5 ,9,12, 14-tetraen-l-amide , (52,92, 14E2) -K ,K- 
dinethyl-ll-oxo-16-phenyl-17 ,18,19 , 20-tetranorprosta-5 , 9 ,12, 14- 
tetraen-l-amide, (5Z,92,14E2)-N,K-dimethyl-ll-oxo-16-(3- 
chlorophenoxy) -17 , 18 , 19 , 20-tetranorprosta-S , 9 , 12 , 14-tetraen- 
l-amide, (92 , 14E2) -N.S-di»ethyl-lJ-o)topro»ta-9 , 12 ,14-trien- 

9<-deoxy-& -PGDj methanesulfonylajnide, 17S,20-di»ethyl- 
9-deoxy-A -PGDj Bethanesulfonylaiidde, 15- (3-propylcyclopentyl) • 
16 , 11,19^1$ ♦^O-pentanosir-S-dewy-^^-pGpj, meikanesulfonylajaiie , 
16-pKer.yl-17,lB,19,20-t€tranor-5-^oxy-A^-PGI>2 melhanesuifonylMudij. 
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16- ( 3-chlorophenoxy ) -17 , 18 , 19 « 20-tetranor-9-deoxy-A -PGD^ 

Q 

xnethanesulfonylamide^ 9-deoxy-i^ -P6D^ inethaneBulf onyl- 
amide, ( 5Z« 9Z« 14EZ)-M-inethane8ulf onyl-ll-axoprDBta-5« 9 « 
1 2 , 14- tetr aen-l-amide , ( 5Z , 9Z , 14E2 ) - { 17S )-»-inethane- 
sulf onyl-ll-oxo-17 , 20-diinethylprosta-5 1 9 , 12 , 14-'tetraen-l- 
axnide , ( 5Z, 9Z , l4EZ)-N-methanesulf onyl-ll--0KO«15- ( 3- 
prppylcyclopentyl )-16 , 17 , 18, 19 , 20-pentanorprosta-5 ,9*12, 
14-tetraen-l- amide , ( 52, 92, 14EZ )-N-xnethanesul£onyl-ll- 
oxo-16-phenyl-17 , 18 , 19 , 20-tetranorprosta-5 , 9 , 12 , 14- 
tetraen-l-amide, (5Z« 9Z, 14£Z)-N-inethane&ulf onyl-ll-oxo- 
16-{3-chlorophenoxy )-17 , 18 , 19 , 20-tetranorprosta-5 ,9,12, 
14-tetraen-l-amide, or (92, 14E2)-N-methanesulf onyl- 
ll-oxoproBta-9 , 12 , 14-trien-l-amide. 

5. A cyclodextrin clathrate of a prostaglandin 
analogue claimed in claim 4« 

6. A process for the preparation of prostaglandin 
D analogues as claimed in claim 1 which cooprises 

(i) when [A] represents a group of formula (II), 
^13**^14 ""^15 3^^P3^®sents a group of formula (V) , R 
represents a group of the formula -COCH^OH or 



-CON^ wherein R and R are as defined in claim 1, 



and the other symbols are as defined in claim 1, the 
hydrolysis of a compound of the general formula: 




3 



3 
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OR* 
I 
I 




(XI) 



(wherein R represents a tetrahydrqpyran-2-yl group, a 
tetrahydrofuran-2-yl group either unsubstituted or 
substituted by at least one alkyl group or a 1- 
ethoxyethyl group and the other symbols are as defined 

in claim 1) or a compound of the general formula: 

%6 




CON. 



(XV) 



(viherein R is as hereinbefore defined and the other 
syipbols are as defined in claim 1) under acidic 

conditions 

(ii) vflien [A] represents a group of formula (III), 
^13*^14*^15 J^Wesents a group of formula (V) , R 
r^resents a group of the formula; 



-CON or -CONHSO-R" 



-COCH2OH, 

Wherein R , R and R are as defined in claim 1 and 
the other symbols are as defined in claim 1, the 
dehydration under mild conditions of a ccxitpound of 
the general formula: 




0098141 



° OH 



(VII) 



wherein R. represents a group of the foznitla 

CONRSO^R^ 



-COCH-QH -CON' or 



3 4 5 

wherein R . R and R^ are as defined in claim 1, and 
the other symbols are as defined in claim 1, 
(iii) when [A] represents a group of formula (III), 
^13"Cl4"C25 represents a group of formula (V), R 
represents a group R^ as hereinbefore defined and the 
other syinbols are as defined in claim 1, the hydrolysis 
under acidic ccaiditions of a ccn^und of the general 
formula: 




(xxx) 



(wherein R® is as hereinbefore defined and the other 
symbols are as defined in claim 1 ) or of a can^und 
of the general formula: 




(XXXVI) 
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wherein represents a group of the formula: 
r3 

-CC»C^ ^ or -CONHSO-jR^ 
\j^4 2 

(wherein R^, R* and R^ are as defined in claim 1), R^ 
is as hereinbefore defined and tte other syxcibols are 
as defined in claim 1, or 

(iv) when [A] represents a group of formula (IV), 
C^^-Cj^^-Cj^g represents a group of formula (VI), 
R represents a group R as hereinbefore defined and the 
other symbols are as defined in claim 1, reacting with 
an aqueous acid solution a compound of the general 
formula (VII), (XI), (XV), (XXX) or (XXXVl), a compound 
of the general formula: 



(lb) 




or a compound of the general formula: 
DR® 

SX-^''^^^-''''''^^ CONHSO^R^ 




(XVII ) 

0 

in which formulae (lb), (VII), Oa), (XV), (XVII), (XXX) 
or (XXXVI), R® and R^ are as hereinbefore defined, and 
the other syidbols are as defined in claim 1, optionally 
followed by the step of converting a prostaglandin D 
analogue of general formula (I) into a cyclodextrin 
clathrate thereof. 
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?• A pharmaceutical composition which conrprises, 
as active ingredient, a prostaglandin analogue of 
general formula (I) depicted in claim 1, wherein the 
various symbols are as defined in claim 1, or a 
cyclodextrin clathrate thereof, in association with a 
pharmaceutical carrier or coating. 

8. A prostaglandin analogue, or cyclodextrin 
clathrate thereof, according to any one of claims 1 to 
5 for use in the prevention or therapy of leukemia or 
solid cancer. 

9. A compound of the general formula (XI), (XV) « 
(XVII) , (XXX) or (XXXVI) depicted in claim 6, wherein 

and R*^ are as defined in claim 6 and the other 
symbols are as defined in claim 1. 



- 105 • 0098141 

CZAIHS FOR COHTBACTING STATE: AT 

1. A process for the preparation of prostaglandin D 
-analogues* of the general formula: 



R 

(2) 



fwherein [A] represents a group of the fonsula: 






(II) 

X represents an ethylene group or a cis- vinylene group, 
C^j-Cj^-Cj^g represents 

(i) a group of the formula: 

12 1« 

OH 

when fA] represents a group of the formuls (ll) or (III), or 

(ii) a group of the formula: 

12 11, 
13 15 

whea lA] represents a group of the formula (IV), R. reprefents 
(i) a group of the formula: 

-COCH,OK or -COM , 

(wherein R and R , which may be the same or different, each 
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represent a hydrogen etom or • straight-chain or branehed- 
chain alkyl group of 1 - 4 carbon atoms) when (A) represents 
a group of the formula (XZ)* or 
<ii) a group of the formula t 

-COCBjOH , -CON^ ^ or -COHHSO2R 

(wherein ana are as hereinbefore defined and R* represents 

a straight-chain or branched-chain alkyl group of 1 • 4 carbon 

atoms) when [A] represents a group of the formula (III) or (IV), 

R^ represents a single bond or a straight-chain or branched- 

2 

chain alkylene group of 1 - S carbon atoms « R represents 
a straight-chain or branched-chain alkyl group of 1 • 8 carbon 
atoms, a cycloalkyl group of 4 - 7 carbon atoms either 
unsubstituted or substituted by at least one straight-chain or 
branched-chain alkyl group of 1 - 8 carbon atoms # or a phenyl 
or phenoxy group either unsubstituted or substituted by at least 
one halogen atom, trifluoromethyl group or straight-chain or 
branched-chain alkyl group of 1 - 4 carbon atoms, the double bond 
between - Q^^ in formula (III) and (IV) is 2, the double 

bond between C^^^ <» C^^ in formula (V) is E, and the double 
bonds between and between C^^ - C^g in formula (VI), 

which may be in the same or different conf ig-jrations are E.Z 

or a mixture thereof « provided that when R^ represents a single 

2 

bond, R does not represent a substituted or unsubstituted 
phenoxy group!, and cyclodextrin clathrate thereof, 
which process comprises: 
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(i) when [A] represents a group of formula (II), 

Ci3-Cj^^-C^5 represents a group of formula (V) ,R represents 

a group of the formula -C0CH-.OH or 
3 ^ 

-CON wherein R and R* are as hereinbefore defined 

V 

and the other syitibols are as hereinbefore defined, the 
hydrolysis of a conrpound of the general formula: 




(XI) 



idierein represents a tetrahydropyran-2-yl group, a 

tetrahydrof uran-2-yl group either unsubstituted or 

substituted by at least one alkyl group or a 1-ethoxyethyl 

group and the other symbols are as hereinbefore defined) 

or a conrpound of the general formula: 

.6 



(XV) 



(wherein the various symbols are as hereinbefore defined) 
under acidic conditions, 

(ii) when [A] represents a group of fonraala (IlD, 0^^3-03^4- 
^15 ^represents a group of formula (V) , R represents a 

group of the formula -COCH-jOH, -CON or -CONHSO^R^ 

wherein R , R and R are as hereinbefore defined and the 




0098141 

- 108 - 

other synibols are as hereinbefore defined, the dehydration 
under mild conditions of a compound of the general 
formula: 



(VII) 




OH 



wherein R rex»resents a group of the formula: 



-COCH2QH 



-CON^ . or 



CCaSHSOjR" 



3 4 

wherein R and R are as hereinbefore defined, and the 
other synibols are as hereinbefore defined, 
(iii) when [A] represents a group of formula (III), 
Cj^j-Cj^^-Cj^g represents a group of formula (V), R represents 
a group R*^ as hereinbefore defined, and the other synibols 
are as hereinbefore defined, the hydrolysis under acidic 
conditions of a compound of the general formula: 




(XXX) 



(wherein the various synibols are as hereinbefore defined) 
or of a compound of the general formula: 




(XXXVI) 



OR' 
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vjherein R° represents a group of the formula: 

5 

-ccas A or -ccjnhso^r' 

wherein R^, R^ and R^ are as hereinbefore defined and the 
other syinbols are as hereinbefore defined, or 
(iv) when [A] represents a group of formula (IV), 
^13~^14"^15 ^^epresents a group of formula (VI), R represents 
a group R^ as hereinbefore defined and the other symbols 
are as hereinbefore defined, reacting with an a(iueous acid 
solution a compound of the general formula (VII), (XI), 
(XV), (XXX). or (XXXVI), a compound of the general formula: 




(lb) 



OH 



or a compound of the general formula: 




(XVII) 



in which formulae (lb), (VII), (XI), (XV), (XVII), (XXX) 
or (XXXVI). the various symbols are as hereinbefore 
defined, optionally followed by the step of converting a 
prostaglandin D analogue of general formula (I) into a 
cyclodextrin clathrate thereof. 
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2. A process according to claim 1 in vihLch the symbol 
6 

R represents a tetrahydro]^ran-2-yl group and the other 
symbols are as defined in claim 1. 

3. A process according to claim 1 or 2 in vAiich the 
hydrolysis under acidic conditions of the compound of 
the general formula (XI) and (XV), \«hereln the various 
symbols are as defined in claim 1 or 2, is carried out 
using a mixture of dilute hydrochloric acid and tetrahy- 
drofuran, a mixttire of dilute hydrochloric acid and 
methanol, a mixture of acetic acid, water and tetrahydro- 
furan, a mixture of j^osphoric acid, water and 
tetrahydrofuran, or a mixture of p-toluenesulphonic acid 
and anhydrous methanol. 

4. A process according to claim 1 in which the 
dehydration under mild conditions of the con5>ound of the 
general formula (VII), wherein the various symbols are 
as defined in claim 1, is carried out by reaction with a 
tris-hydrochloric acid buffer solution at a temperature of 

5. A process according to claim 1 or 2 in which the 
hydrolysis under acidic conditions of the compound of 
the general formula (XXX) or (XXXVI), wherein the various 
symbols are as defined in claim 1 or 2, is carried out under 
the conditions specified in claim 3 for the hydrolysis 

of a compound of the general formula (XI) or (XV). 



-Ill- 0098141 

6. A process according to claim 1 or 2 in which the 
reaction with an aqueous acid solution of the ccnpound of 
the general fomrula (lb), (VII). (XI), (XV), (XVII), 
(XXX), or (XXXVI) is carried out in tetrahydrofuran using 
IH hydrochloric acid at the reflux temperature of the 
reaction mixture. 



